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1. Field of the Invention 



The present invention relates to an electrically 
programmable nonvolatile semiconductor memory device 
5 (EEPROM) and, more particularly, to an EEPROM for per- 
forming a multivalue storing operation for storing 
information of two or more bits in one memory cell. 
2. Description of the Related Art 

As one of EEPROMs , a NAND EEPROM which can be inte- 

10 grated at a high density is known. In this NAND EEPROM, 
a plurality of memory cells are connected in series with 
each other as one unit such that ad j acent memory cells 
have a source and a drain in common, and these memory 
cells are connected to a bit line. A memory cell 

15 generally has an FETMOS structure in which a charge 

accumulation layer and a control gate are stacked. A 
memory cell array is integrated and formed in a p-type 
well formed in a p- or n-type substrate. The drain side 
of a NAND cell is connected to a bit line through a 

20 selection gate, and the source side is connected to a 
common source line through a selection gate. The con- 
trol gates of memory cells are continuously arranged in 
a row direction to form a word line. 

The operation of this NAND-cell EEPROM is as 

25 follows. A data write operation is sequentially per- 
formed from a memory cell at a position farthest from 
the bit line. A high voltage Vpp (= about 20V) is 

7. 
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applied to the control gate of a selected memory cell, 
an intermediate voltage Vppm (= about 10V) is applied 
to the control gate and selection gate of a memory 
cell closer to the bit line than the selected memory 
5 cell, and a voltage of OV or an intermediate voltage 

Vm (= about 8V) is applied to the bit line in accordance 
with data. When the voltage of OV is applied to the bit 
line, the potential of the bit line is transferred to 
the drain of the selected memory cell, and electrons are 

10 injected into the charge accumulation layer of the 

selected memory cell. In this case, the threshold volt- 
age of the selected memory cell is positively shifted. 
This state is represented by, e.g., "l". When the 
voltage Vm is applied to the bit line, electrons are 

15 not effectively injected into the charge accumulation 
layer of the selected memory cell, and, therefore, the 
threshold voltage of the selected memory cell is kept 
negative without being changed. This state is an erased 
state, and is represented by "0" . A data write opera- 

20 tion is performed to memory cells which share a control 
gate at once. 

A data erase operation is performed to all the mem- 
ory cells in a NAND cell at once. More specifically, 
all the control gates are set to be OV, and the p-type 
25 well is set to be 20V. At this time, the selection 

gate, the bit line, and the source line are set to be 
20V. In this manner, electrons are discharged from the 
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charge accumulation layers of all- the memory cells into 
the p-type well, and the threshold voltages of the mem- 
ory cells are negatively shifted. 

A data read operation is performed as follows. 
5 That is, the control gate of a selected memory cell is 
set to be OV, the control gates and selection gates of 
the remaining memory cells are set to be a power supply 
potential Vcc (e.g., 5V), and it is detected whether a 
current flows in the selected memory cell. 

10 Due to g^1 : ^ict^o f^ of the read operation, a 

threshold voltage set upon a M l"-data write operation 
must be controlled to fall within a range of 0V to Vcc. 
For this purpose, a write verify operation is performed 
to detect only a memory cell in which data "l" is not 

15 sufficiently written, and rewritten data is set such 

that a rewrite operation is performed to only the memory 
cell in which data "1" is not sufficiently written 
(bit-by-bit verify operation). The memory cell in which 
data "1" is not sufficiently written is detected by per- 

20 forming a read operation (verify read operation) such 
that a selected control gate is set to be, e.g., 0.5V 
(verify voltage). 

More specifically, when the threshold voltage of 
the memory cell has a margin with respect to 0V and is 

25 not set to be 0.5V or more, a current flows in the 

selected memory cell, and the selected memory cell is 
detected as a memory cell in which data " l" is not 



sufficiently written. Since a current flows in a memory 
cell set to be a " 0 " -data-written state, a circuit 
called a verify circuit for compensating the current 
flowing in the memory cell is arranged to prevent the 
5 memory cell from being erroneously recognized as a mem- 
ory cell in which data i is not sufficiently written. 
This verify circuit executes a write verify operation at 
a high speed. When a data write operation is performed 
while a write operation and a write verify operation are 

10 repeated, a write time for each memory cell is made 

optimum, and the threshold voltage of each memory cell 
set upon a "l"-data write operation is controlled to 
fall within a range of 0V to Vcc . 

In this NAND-cell EEPROM, in order to realize a 

15 multivalue storing operation, for example, it is consid- 
ered that states set upon a write operation are set to 
be three states represented by " 0", " 1", and "2". A 
M O ff -data-written state is defined as a state wherein the 
threshold voltage is negative, a " 1 " -data-written state 

20 is defined as a state wherein the threshold voltage 

ranges from 0V to l/2Vcc, and a '^"-data-written state 
is defined as a state wherein the threshold voltage 
ranges from l/2Vcc to Vcc. In a conventional verify 
circuit, a memory cell set to be a "0"-data written 

25 state can be prevented from being erroneously recognized 
as a memory cell in which data "1" or "2 U is not suffi- 
ciently written. 
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However, the conventional verify circuit is not 
designed for a multivalue storing operation. For this 
reason, assuming that a memory cell set to be a data 
"2"-written state has a threshold voltage equal to or 
5 higher than a verify voltage for detecting whether data 
"1" is not sufficiently written and equal to or lower 
than 1/2 Vcc, when it is to be detected whether data "1" 
is not sufficiently written, no current flows in the 
memory cell, and the memory cell is erroneously recog- 
10 nized as a memory cell in which data "2" is sufficiently 
written . 

In addition, in order to prevent erroneous recogni- 
tion of a memory cell in which data is not sufficiently 
written and to perform a multivalue write verify 
15 operation, a verify write operation is performed to 
set a memory cell. in which data " 1" is sufficiently 
written in a ,f 2 f, -data-written state, by detecting 

A 

whether the memory cell is a memory cell in which data 
"2" is not sufficiently written. However, in this 

20 case, a memory cell set to be a '* 2 " -data-written state 
is set in a " 1 "-data-written state and. then set in a 
,! 2 ,f -data-written state. For this reason, a longer time 
is required for the write operation, and the write 
operation cannot be performed at a high speed. 

25 As described above, when a conventional NAND-cell 

EEPROM is used for performing a multivalue storing 
operation, and a bit-by-bit verify operation is 



performed by a conventional verify circuit, an erroneous 
verify operation is disadvantageously performed. 

Summary of the Invention 
It is an object of the present invention to provide 
5 an EEPROM capable of storing multivalue information and 
performing a write verify operation at high speed with- 
out causing an erroneous verify operation. 

0^ 

According to -bke first aspect of the present 
invention, there is provided a nonvolatile semiconductor 

10 memory device capable of storing multivalue data, 

characterized by comprising a memory cell array in which 
memory cells which can be electrically programmed and 
each of which has at least three storage states are 
arranged in a matrix, a plurality of write data circuits 

15 for temporarily storing data for controlling write 

operation states of the plurality of memory cells in the 
memory cell array, write means for simultaneously per- 
forming a write operation to the plurality of memory 
cells in accordance with contents of the data circuits 

20 respectively corresponding to the plurality of memory 
cells, verify means for simultaneously checking states 
of the plurality of memory cells set upon the write 
operation, and means for updating the contents of the 
write data circuits such that a rewrite operation is 

25 performed to only a memory cell, in which data is not 
sufficiently written, on the basis of the contents of 
the data circuits and the states of the memory cells set 



upon the write operation, wherein the write operation 
based on the contents of the data circuits, a write 
verify operation, and an operation for updating the 
contents of the write data circuits are repeatedly per- 
5 formed until the plurality of memory cells are set in 
predetermined written states, thereby electrically 
performing a data write operation. 

According to ~t±re second aspect of the present 
invention, there is provided a nonvolatile semiconductor 

10 memory device having a memory cell array constituted by 
a plurality of memory cells which are arranged in a 
matrix and each of which can be electrically programmed, 
each of the memory cells having arbitrary data " i" 
(i= 0, 1,..., n- l: n > 3) as at least three storage 

15 states, and a storage state corresponding to data M 0" 
being an erasure state, characterized by comprising a 
plurality of data circuits each serving as a sense 
amplifier and having a function of storing sensed infor- 
mation as data for controlling a write operation state 

20 of a corresponding memory cell, write means for simulta- 
neously performing a write operation to the plurality of 
memory cells in accordance with contents of the data 
circuits respectively corresponding to the plurality of 
memory cells, ith (i = l, 2,..., n - 1) write verify 

25 means for simultaneously checking whether the storage 

state of each of the plurality of memory cells set upon 
the write operation becomes a storage state of data " i" , 
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ith (i = l, . . . , n - 1) data circuit content simultaneous 
updating means for simultaneously updating the contents 
of data circuits corresponding to a memory cell in which 
data "i" is to be stored, such that a rewrite operation 
5 is performed to only a memory cell, in which data is not 
sufficiently written, on the basis of the contents of 
the data circuits and the storage states of the memory 
cells after the write operation, and data circuit con- 
tent updating means for performing a storage checking 

10 operation performed by the ith write verify means and a 
simultaneous updating operation performed by the ith 
data circuit content simultaneous updating means, from 
data "l" to data "n - 1" n - 1 times so as to update the 
contents of all the plurality of data circuits , wherein 

15 the ith data circuit content simultaneous updating 
means, of bit line potentials at which the storage 
states of the memory cells set upon a write operation 
are output by the ith write verify means, a bit line 
potential corresponding to a memory cell in which data 

20 "i" (i > 1) is to be stored is sensed/stored as rewrite 
data, and for bit lines corresponding to memory cells 
in which data except for data "i" are to be stored the 
bit line potential at which the state of the memory cell 
set upon the write operation is output is corrected in 

25 accordance with the contents of the data circuits so as 
to sense/store to hold the contents of data circuit, 
holding the data storage states of the data circuits 



until the bit line potentials are corrected, operating 
the data circuits as sense amplifiers while the cor- 
rected bit line potentials are held, and simultaneously 
updating the contents of the data circuit corresponding 
5 to the memory cell in which data "i" is to be stored, 
and a write operation and a data circuit content 
updating operation based on the contents of the data 
circuits are repeatedly performed until the memory cells 
are set in predetermined written states, thereby elec- 
10 trically performing a data write operation. 

Preferred embodiments of the present invention will 
be described below. 

(1) The data circuits control write operation states of 
the memory cells in accordance with data stored in the 
15 data circuits in a write operation to perform control 
such that the states of the memory cells are changed 
into predetermined written states or the states of the 
memory cells are held in states set prior to the write 
operation . 

20 (2) For a data circuit corresponding to a memory cell 
to be set in an " i " -data-written state, an ith data 
circuit content simultaneous updating means changes data 
of the data circuit into data for controlling the state 
of the memory cell to hold the state of the memory cell 

25 in a state set prior to the write operation when memory 
cells corresponding to a data circuit in which data for 
changing a memory cell into an " i " -data-written state is 
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stored reach an "^."-data-written state, sets data for 
controlling the state of the memory cell to change the 
state of the memory cell into the " i " -data-written state 
in the data circuit when the memory cell corresponding 
5 to the data circuit in which data for changing a memory 
cell into an M i"-data-written state is stored does not 
reach the " i " -data-written state, and sets data for con- 
trolling the state of the memory cell to hold the state 
of the memory cell set prior to the write operation when 

10 the data circuit stores data for controlling the state 
of the memory cell to hold the state of the memory cell 
in the state set prior to the write operation, and the 
ith data circuit content simultaneous updating means 
does not change contents of the data circuits corre- 

15 sponding to the memory cells in which data except for 
data " i" are to be stored. 

(3) Each of the memory cells is constituted by stacking 
and forming a charge accumulation layer and a control 
gate on a semiconductor layer and stores arbitrary data 

20 "i" (1=0, 1,..., n - l; n > 3) as at least three 

storage states and as multivalue data using magnitudes 
of threshold voltages, and the ith write verify means 
applies a predetermined ith verify potential to the con- 
trol gate to verify whether a threshold voltage of a 

25 memory cell set to be the " i " -data-written state is a 
desired threshold voltage. 

(4) A storage state corresponding to data '* 0" is 



an erased state, a difference between the threshold 
voltage corresponding to the data H n - 1" state and the 
threshold voltage corresponding to a data "0" state is 
maximum, and threshold voltages corresponding to data 

J- 

5 "1", "2 *',..., "i" "n - 2" states range from the 

threshold voltage corresponding to the data "0" state to 
the threshold voltage corresponding to the data "n - 1" 
state, and the threshold voltages corresponding to the 
data "l", "2" , "n - 2" states are ordered 

10 from the threshold voltage corresponding to the data M 0" 
state. The nonvolatile semiconductor memory device com- 
prises a first bit line potential setting circuit for, 
of a plurality of bit line potentials at which states of 
memory cells set upon a write operation are output by 

15 the ith write verify means, when the data circuits sense 
s bit line potential corresponding to a data circuit 
whose contents are data for controlling the states of 
the memory cells to hold the states of the memory cells 
in states set prior to the write operation, setting the 

20 bit line potential to be a first correction bit line 

potential which becomes data for controlling the states 
of the memory cells to hold states of the memory cells 
in states set prior to the write operation, and a jth 
bit line potential setting circuit for, of bit line 

25 potentials corresponding to memory cells set to be data 
"j "-written states (i + 1 < j) among bit line potentials 
at which states of the memory cells set upon a write 



operation are output by the ith ( 1 < i < n - 2 ) write 
verify means, when a data circuit senses only a bit line 
potential corresponding to a data circuit whose contents 
are data for controlling states of memory cells to set 
5 the states of the memory cells in data "j "-written 
states, setting the bit line potential in a second 
correction bit line potential which becomes data for 
controlling the states of the memory cells to change the 
states of the memory cells into the data "j "-written 

10 states, wherein, to update the contents of the data 

circuits, a bit line potential at which states of the 
memory cells set upon a write operation are output by an 
ith write verify operation is corrected by the first, 
(i + l)th, (i + 2)th,..., (n - 1 ) th bit line potential 

15 setting circuits. 

(5) Each of the -data circuits is constituted by a first 
data storage unit for storing information indicating 
whether a state of a memory cell is held in a state set 
prior to a write operation and a second data storage 

20 unit for, when the information of the first data storage 
unit is not information for controlling the state of the 
memory cell to hold the state of the memory cell in a 
state set prior to the write operation, storing 
information indicating a written state "i" (i = 1, 

25 2,..., n - 1) to be stored in the memory cell, the 
first data storage unit having a function of 
sensing/storing bit line potentials which are corrected 



by the first, (i+l)th, (i + 2)th,..., (n-l)th bit 
line potential setting circuits in accordance with the 
contents of the data circuits to perform the data cir- 
cuit content updating operation and at which the storage 
5 states of the memory cells set upon the write operation 
are output by the ith write verify operation. 

(6) The nonvolatile semiconductor memory device com- 
prises a write prevention bit line voltage output cir- 
cuit for, when the information of the first data storage 

10 unit is information for controlling the state of the 
memory cells to hold the state of the memory cells in 
states set prior to a write operation, outputting a 
write prevention bit line voltage to a bit line in the 
write operation, and an ith (i=l, 2,..., n - 1) bit 

15 line voltage output circuit for, when the information 
of the first data storage unit is not information for 
controlling the states of the memory cells to hold the 
states of the memory cells in the states set prior to 
the write operation, outputting a bit line voltage in 

20 an ith write operation in accordance with information 

indicating a written state "i M to be stored in a memory 
cell of the second data storage unit. 

(7) The first bit line potential setting circuit and 
the write prevention bit line voltage output circuit are 

25 common first bit line voltage control circuits. The 
input voltage of each of the common first bit line 
voltage control circuits has an input voltage whose 
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output is to be a write prevention bit line voltage in a 
write operation and a first correction bit line poten- 
tial in a data circuit content updating operation. The 
jth (j = 2, 3,.,., n - 1) bit line potential setting 
5 circuit and the jth write bit line voltage output cir- 
cuit are common jth bit line voltage control circuits. 
Each of the common jth bit line voltage control circuits 
has an input whose output is to be a jth write bit line 
voltage in the write operation and a second correction 
10 bit line potential in a data circuit content updating 
operation . 

(8) Each of the memory cells is constituted by stacking 
and forming a charge accumulation layer and a control 
gate on a semiconductor layer, and the memory cells 

15 are connected in series with each other as units each 
constituted by a plurality of memory cells to form 
NAND-cell structures. 

(9) Each of the memory cells is constituted by stacking 
and forming a charge accumulation layer and a control 

20 gate on a semiconductor layer, thereby forming a 
NOR-cell structure . 

A multivalue (n- value) storage type EEPROM accord- 
ing to the first and second aspects of the present 
invention is constituted such that a verify read opera- 

25 tion is performed through n - 1 basic operation cycles. 
An erased state is represented by data "0" , and 
multivalue levels are represented by "0", "1" , 
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"i",..., "n - 1" in an order from a small threshold 
voltage. In this case, an ith cycle is constituted 
to verify whether an "i"-data write operation is 
sufficiently performed. For this reason, the EEPROM 
5 comprises a verify potential generation circuit for 

applying a predetermined verify voltage at an i level in 
the ith cycle such that a current flows in a memory cell 
having a selected control gate when an " i" -data write 
operation is sufficiently performed, and a sense ampli- 

10 fier for detecting a bit line voltage to determine 

whether a write operation is sufficiently performed. In 
the ith cycle, the bit line of a memory cell in which 
data "O",..., " i - 1" are written has a first verify 
circuit such that the current of the memory cell is 

15 compensated for when it is" detected that the data are 

sufficiently written in the memory cell and the current 
of the memory cell is not compensated for when it is 
detected that the data are not sufficiently written in 
the memory cell. In the ith cycle, for the bit line of 

20 a memory cell in which data " i + 1 "n - 1" are 

written, the current of the memory cell is compensated 
for by the first verify circuit when it is detected that 
the data are sufficiently written in the memory cell in 
advance and a second verify circuit for setting a bit 

25 line voltage is installed such that the current of the 
memory cell flows when it is detected that the data are 
not sufficiently written in the memory cell. 
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The EEPROM comprises a first data storage unit for 
storing data indicating whether data is sufficiently 
written and a second data storage unit for storing 
whether a multivalue level to be written is any one of 

5 data " 1 / "n - 1". The first data storage unit 

also has the function of a sense amplifier for detecting 
whether data is sufficiently written. In addition, the 
EEPROM is characterized by comprising a bit line write 
voltage output circuit for outputting a bit line voltage 

10 in a write operation in accordance with a desired 

written state such that, when there is memory cell which 
does not reach a predetermined written state, a rewrite 
operation is performed to only this memory cell. 
According to the present invention, after a 

15 multivalue data write operation is performed, it is 
detected whether the written states of memory cells 
reach their desired multivalue level states. when there 
is a memory cell which does not reach its desired 
multivalue level state, a bit line voltage in a write 

20 operation is output in accordance with a desired written 
state such that a rewrite operation is performed to only 
this memory cell. The write operation and the verify 
read operation are repeated, and a data write operation 
is ended when all the memory cells reach their desired 

25 written states, respectively. 

As described above, according to the present 
invention, a time for performing one write cycle is 
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10 



15 



20 



shortened, and a write operation is repeated many times 
within a short time while the degree of progress of a 
written state is checked, so that the range of the 
threshold voltage distribution of a memory cell in which 
a data write operation is finally ended can be narrowed 
at a high speed . 



According to -£rhe third aspect of the present 
invention, a bit line potential in a read operation is 
controlled to exhibit the threshold voltage of a memory 
cell. A common source line is set to be 6V, a voltage 
of 2V is applied to a selected control gate, and the 
potential of the common source line is transferred to 
the bit line. When the bit line potential reaches a 
certain value, a current flowing in the memory cell is 
stopped, and the bit line potential is given as a value 
obtained by subtracting the threshold voltage of the 
memory cell from the control gate voltage of 2V. When 
the bit line potential is 3V, the threshold voltage of 
the memory cell is -IV. A non-selected control gate 
and a selection gate are set to be 6V such that the bit 
line potential is not determined by the potential of the 
non-selected memory cell or a selection transistor. 

An erased state is represented by data "0" , 
multivalue levels are represented by " 0", "1",..., 
"i "n - 1" in an order from a small threshold 
voltage. In this case, since a verify read operation 
simultaneously verifies whether all data " i" are 



0^ 
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sufficiently written, a reference potential used when 
a bit line voltage is sensed is set in accordance with 
the written data. In addition, as in "0"-data write 
operation, a verify circuit is arranged such that the 
5 current of the memory cell is compensated for when it is 
detected that the data are sufficiently written in the 
memory cell and the current of the memory cell is not 
compensated for when it is detected that the data are 
not sufficiently written in the memory cell. 

10 A first data storage unit for storing data indicat- 

ing whether data is sufficiently written and a second 
data storage unit for storing whether a multivalue level 
to be written is any one of data "1",..., "n - 1" are 
arranged. The first data storage unit also serves as a 

15 sense amplifier for detecting whether data is suffi- 
ciently written. In addition, a multivalue (n-value) 
storage type NAND-cell EEPROm according to a nonvolatile 
semiconductor memory device is characterized by 
comprising a bit line write voltage output circuit for 

20 outputting a bit line voltage in a write operation in 

accordance with a desired written state such that, when 
there is^ memory cell which does not reach a predeter- 
mined written state, a rewrite operation is performed to 
only this memory cell. 

25 More specifically, a nonvolatile semiconductor 

memory device according to the third aspect of the 
present invention includes, as a basic arrangement, 
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a nonvolatile semiconductor memory device comprising a 
, memory cell array in which the memory cells, each of 

which is constituted by stacking a charge accumulation 
layer and a control gate on a semiconductor layer and 
5 can be electrically programmed to store at least three 
data as multivalue data of threshold voltages of the 
memory cell, are arranged in a matrix, threshold voltage 
detection means for charging a bit line connected to the 
memory cells so that charging is made through the memory 

10 cells and outputting the multivalue data of the memory 

cell as multivalue level potentials to the bit line, and 
a sense amplifier for sensing potentials of the bit line 
charged by the threshold voltage detection means, and 
the nonvolatile semiconductor memory device is charac- 

15 terized by the following embodiments. 

(1) The nonvolatile semiconductor memory device is 
characterized in that the memory cells are connected in 
series with each other as units each constituted by mem- 
ory cells to form a plurality of NAND-cell structures 

20 each having one terminal connected to the bit line 

through a first selection gate and the other terminal 
connected to a source line through a second selection 
gate, the threshold voltage detection means transfers a 
source line voltage to the bit line through a corre- 

25 spending NAND cell to charge the bit line, and non- 
selected control gate voltages and first and second 
selection gate voltages are controlled such that voltage 




transfer capabilities of non-selected memory cells and 
first and second selection transistors are sufficiently 
increased to determine a bit line voltage at a threshold 
voltage of a selected memory cell. 
5 (2) The nonvolatile semiconductor memory device com- 
prises the plurality of data circuits each functioning 
as the sense amplifier and having a function of storing 
sensed information as data for controlling write 
operation states of the memory cells, the write means 

10 for performing a write operation in accordance with 

contents of the data circuits respectively corresponding 
to the plurality of memory cells in the memory cell 
array, the write verify means which uses the threshold 
voltage detection means to check whether states of the 

15 plurality of memory cells set upon the write operation 

are storage states of desired data, and the data circuit 
content simultaneous updating means for simultaneously 
updating the contents of the data circuits such that a 
rewrite operation is performed to only a memory cell, 

20 in which data is not sufficiently written, on the 
basis of the contents of the data circuits and the 

ay 

states of the memory cells after write operation, 

A 

wherein the data circuit content simultaneous updating 
means corrects a bit line potential at which the 
25 storage states of the memory cells set upon the 

write operation are output in accordance with the 
contents of the data circuits to sense/store the bit 
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line potential as rewrite data, holds the data storage 
states of the data circuits until the bit line potential 
is corrected, operates the data circuits as sense 
amplifiers while the corrected bit line potential 
5 is held, and simultaneously updates the contents of 
the data circuits, and a write operation and a data 
circuit content simultaneous updating operation based 
on the contents of the data circuits are repeatedly 
performed until the memory cells are set in predeter- 
10 mined written states, thereby electrically performing a 
write operation. 

(3) The data circuits control write operation states of 
the memory cells in accordance with data stored in the 
data circuits in a write operation to perform control 

15 such that the states of the memory cells are changed 

into predetermined written states or the states of the 
memory cells are held in states set prior to the write 
operation, and the data circuit content simultaneous 
updating means changes data of the data circuits into 

20 data for holding the states of the memory cells in 

states set prior to the write operation when a memory 
cell corresponding to a data circuit in which data for 
controlling the memory cells to change the memory cells 
to have predetermined written states is stored reaches a 

25 predetermined written state, sets data for controlling 

the memory cells to change the memory cells to have pre- 
determined written states in the data circuits when the 




memory cell corresponding to the data circuit in which 
data for controlling the memory cells to change the 
memory cells to have predetermined written states is 
stored does not reach the predetermined written state, 
5 and sets data for controlling the states of the memory 
cells to hold the states of the memory cells in the 
states set prior to the write operation in the data 
circuits, when data for controlling the states of the 
memory cells to hold the states of the memory cells in 
10 the states set prior to the write operation is stored in 
the data circuits. 

(4) The nonvolatile semiconductor memory device com- 
prises a bit line potential setting circuit for, of bit 
line potentials at which states of the memory cells set 

15 upon the write operation are output by the threshold 

voltage detection means, when only a bit line potential 
corresponding to the data circuits whose contents are 
data for controlling the states of the memory cells to 
hold the states of the memory cells in the states set 

20 prior to the write operation is sensed by the data 

circuits, setting a correction bit line potential at 
which data for controlling the states of the memory 
cells to hold the states of the memory cells in the 
states set prior to the write operation is obtained, 

25 and wherein, to perform the data circuit content simul- 
taneous updating operation, a bit line potential at 
which the states of the memory cells set upon the 




• 



- 23 - 

write operation are output with the threshold voltage 
detection means is corrected by the bit line potential 
setting circuit in accordance with the contents of the 
data circuits. 

5 (5) For the nonvolatile semiconductor memory device in 
which one of the memory cells has at least three storage 
data " i" (i = 0, 1,..., n - 1) to perform a multivalue 
storing operation, a storage state corresponding to data 
"0" being an erased state, each of the data circuits is 

10 constituted by a first data storage unit for storing 

information indicating whether a state of a memory cell 
is held in a state set prior to a write operation and a 
second data storage unit for, when the information of 
the first data storage unit is not information for con- 

15 trolling the state of the memory cell such that the 

state of the memory cell is held in a state set prior to 
the write operation, storing information indicating a 
written state i (i = 1, 2,..., n - 1) to be stored in 
the memory cell, and the first data storage unit having 

20 a function of sensing/storing bit line potentials which 
are corrected by the bit line potential setting circuits 
in accordance with the contents of the data circuits to 
perform the data circuit content updating operation and 
at which the storage states of the memory cells set upon 

25 the write operation are output with the threshold volt- 
age detection means . 

(6) The first data storage unit has a function of 



• 



comparing a reference voltage with a bit line voltage 
to sense a bit line potential and a function of 
sensing/storing a bit line potential which is corrected 
by the bit line potential setting circuit in accordance 
5 with the contents of the data circuits using a reference 
voltage corresponding to the contents of the data cir- 
cuits and at which states of the memory cells set upon 
the write operation are output by the threshold voltage 
detection means . 

10 (7) The nonvolatile semiconductor memory device 

comprises a write prevention bit line voltage output 
circuit for outputting a write, prevention bit line 
voltage to a bit line in a write operation when the 
information of the first data storage unit is informa- 

15 tion for controlling the states of the memory cells to 
hold the states of the memory cells in states before 
the write operation, and an ith write bit line* voltage 
output circuit for outputting a bit line voltage in an 
ith write operation in accordance with information of 

20 the second data storage unit indicating data i (i = 1, 
2,..., n - 1) to be stored in the memory cell when the 
information of the first data storage unit is not infor- 
mation for controlling the states of the memory cells to 
hold the states of the memory cells in states set prior 

25 to the write operation. 

(8) The nonvolatile semiconductor memory device com- 
prises data inverting means for inverting data of the 
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first data storage unit for activating the bit line 
potential setting circuit before the activation of bit 
line potential setting circuit, when the data of the 
first data storage unit for activating the bit line 
5 potential setting circuit has been inverted to the data 
of the first data storage unit for activating the write 
prevention bit line voltage output circuit. 

In the third aspect of the present invention, after 
a multivalue data write operation is performed, it is 

10 simultaneously detected whether the written states of 
the memory cells reach their multivalue level states, 
respectively. When there is a memory cell which does 
not reach its desired multivalue level, a bit line 
voltage in a write operation is output in accordance 

15 with a desired written state such that a rewrite opera- 
tion is performed only to this memory cell. The write 
operation and a verify read operation are repeated, and 
a data write operation is ended when it is confirmed 
that all the memory cells reach their desired written 

20 states, respectively. 

As described above, according to the present 
invention, a time for performing one write cycle is 
shortened, and a write operation is repeated many times 
within a short time while the degree of progress of a 

25 written state is checked, so that the range of the 

threshold voltage distribution of a memory cell in which 
a data write operation is finally ended can be narrowed 
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at a high speed. 

Additional objects and advantages of the invention 
will be set forth in the description which follows, and 
in part will be obvious from the description, or may be 
5 learned by practice of the invention. The objects and 

advantages of the invention may be realized and obtained 
by means of the instrumentalities and combinations 
particularly pointed out in the appended claims. 

Brief Description of the Drawings 

10 The accompanying drawings, which are incorporated 

in and constitute a part of the specification, illus- 
trate presently preferred embodiments of the invention, 
and together with the general description given above 
and the detailed description of the preferred embodi- 

15 ments given below, serve to explain the principles of 
the invention. 

FIG. 1 is a block diagram showing the schematic 
arrangement of an EEPROM according to the first and 
second embodiments of the present invention; 

20 FIG. 2 is a circuit diagram showing the detailed 

arrangement of a memory cell array in the first 
embodiment; 

FIG. 3 is a circuit diagram showing the detailed 
arrangement of a bit line control circuit in the first 
25 embodiment; 

FIG. 4 is a timing chart showing a read operation 
in the first embodiment; 
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FIG. 5 is a timing chart showing a write operation 
in the first embodiment; 

FIG. 6 is a timing chart showing a verify read 
operation in the first embodiment; 
5 FIGS • 7A and 7B are timing charts showing data 

input/output operations in the first and second 
embodiments ; 

FIG. 8 is a view showing the concept of a page 
serving as a write/read unit in the first and second 
10 embodiments; 

FIGS. 9A and 9B are flow charts showing a data 
write algorithm and an additional data write algorithm 
in the first and second embodiments, respectively; 

FIG. 10 is a graph showing the write characteris- 
15 tics of the memory cell in" the first embodiment; 

FIG . 11 is a circuit diagram showing the arrange- 
ments of a memory cell array and a bit line control 
circuit in the second embodiment; 

FIG. 12 is a timing chart showing a read operation 
20 in the second embodiment; 

FIG. 13 is a timing chart showing a write operation 
in the second embodiment; 

FIG. 14 is a timing chart showing a verify read 
operation in the second embodiment; 
25 FIG. 15 is a graph showing the write characteris- 

tics of the memory cell in the second embodiment; 

FIG. 16 is a circuit diagram showing a modification 
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of the bit line control circuit in the first embodiment; 

FIG. 17 is a circuit diagram showing a modification 
of the bit line control circuit in the second embodi- 
ment ; 

5 FIG. 18 is a view showing a unit for an additional 

data write operation in the first and second embodi- 
ments ; 

FIGS. 19A and 19B are circuit diagrams showing the 
detailed arrangement of an inverter portion shown in 
10 FIG, 3; 

FIG. 20 is a circuit diagram showing the arrange- 
ment of a NAND cell array according to the third 
embodiment of the present invention; 

FIGS. 21A and 21B are a circuit diagram and a 
15 chart, respectively, showing the read operation of the 
NAND cell in the third embodiment; 

FIG. 22 is a graph showing the relationship between 
a bit line output voltage in a read operation and the 
threshold voltage of a memory cell in the third 
20 embodiment; 

FIG. 2 3 is a graph showing the relationship between 
a bit line output voltage in a read operation and a 
write time in the third embodiment; 

FIG. 24 is a graph showing the relationship between 
25 data and a bit line output voltage in a read operation 
when a binary storing operation is performed to one 
memory cell in the third embodiment; 
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FIG. 25 is a graph showing the relationship between 
data and a bit line output voltage in a read operation 
when a ternary storing operation is performed to one 
memory cell in the third embodiment; 
5 FIG. 26 is a circuit diagram showing the arrange- 

ment of a NOR cell array according to the fourth 
embodiment of the present invention; 

FIGS. 27A and 27B are a circuit diagram and a 
chart, respectively, showing the read operation of a NOR 
10 cell in the fourth embodiment; 

FIG. 28 is a graph showing the relationship between 
a bit line output voltage in a read operation and the 
threshold voltage of a memory cell in the fourth 
embodiment ; 

15 FIG. 29 is a graph showing the relationship between 

the bit line output voltage in a read operation and a 
write time in the fourth embodiment; 

FIG. 30 is a graph showing the relationship between 
data and a bit line output voltage in a read operation 
20 when a binary storing operation is performed to one 
memory cell in the fourth embodiment; 

FIG. 31 is a graph showing the relationship between 
data and a bit line output voltage in a read operation 
when a ternary storing operation is performed to one 
25 memory cell in the fourth embodiment; 

FIG. 32 is a block diagram showing the arrangement 
of an EEPROM according to the third and fourth 
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embodiments ; 

FIG. 33 is a circuit diagram showing the arrange- 
ments of a memory cell array and a bit line control 
circuit in the third embodiment; 
5 FIG. 34 is a timing chart showing a read operation 

in the third embodiment ; 

FIG. 35 is a timing chart showing a write operation 
in the third embodiment; 

FIG. 36 is a timing chart showing a verify read 
10 operation in the third embodiment; 

FIG. 37 is a circuit diagram showing the arrange- 
ments of a memory cell array and a bit line control 
circuit in the fourth embodiment; 

FIG. 38 is a timing chart showing a read operation 
15 in the fourth embodiment; 

FIG. 39 is a timing chart showing a write operation 
in the fourth embodiment; 

FIG. 40 is a timing chart showing a verify read 
operation in the fourth embodiment; and 
20 FIG. 41 is a circuit diagram showing the arrange- 

ment of a column decoder in the third and fourth 
embodiments . 

Detailed Description of the Preferred Embodiments 
Embodiments of the present invention will be 
25 described below with reference to the accompanying 
drawings . 

FIG. 1 is a block diagram showing the schematic 
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arrangement of a NAND-cell EEPROM according to the first 
embodiment of the present invention. 

A bit line control circuit 2 for controlling a bit 
line in a read/write operation and a word line drive 
5 circuit 7 for controlling a word line potential are 

arranged for a memory cell array 1 . The bit line con- 
trol circuit 2 and the word line drive circuit 7 are 
selected by a column decoder 3 and a row decoder 8, 
respectively. The bit line control circuit 2 receives 

10 and outputs read/write data from/to an input/output data 
conversion circuit 5 through a data input/output line 
(IO line). The input/output data conversion circuit 5 
converts readout multivalue information of a memory 
cell into binary information to externally output the 

15 multivalue information, and converts the binary informa- 
tion of externally input write data into the multivalue 
information of a memory cell. The input/output data 
conversion circuit 5 is connected to a data input/output 
buffer 6 for controlling a data input/output operation 

20 with an external circuit. A data write end detection 
circuit 4 detects whether a data write operation is 
ended. A write control signal generation circuit 9 
supplies a write control signal to the bit line control 
circuit 2 and the word line drive circuit 7. A write 

25 verify control signal generation circuit 10 supplies a 
write verify control signal to the bit line control 
circuit 2 and the word line drive circuit 7 . A data 



# 
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update control signal generation circuit 11 supplies 
data update control signal to the bit line control cir- 



FIGS . 2 and 3 show the detailed arrangements of the 
memory cell array 1 and the bit line control circuit 2. 
Memory cells Ml to M8 and selection transistors SI and 
S2 constitute a NAND cell. One terminal of the NAND 
cell is connected to a bit line BL, and the other termi- 
nal is connected to a common source line Vs. Selection 
gates SGI and SG2 and control gates CGI to CG8 are 
shared by a plurality of NAND cells, and memory cells 
which share one control gate constitute a page. Each 
memory cell stores data at a threshold voltage Vt 
thereof. The memory cell stores data "0" indicating 

that the threshold voltage Vt is lower than 0V, stores 

» 

data " 1" indicating that the threshold voltage Vt is 



"2" indicating that the threshold voltage Vt is -net- 
->4eweTr- than 1.5V and lower than a power supply voltage. 
One memory cell can have three states, and nine combina- 
tions can be obtained by two memory cells. Of these 
nine combinations, eight combinations are used, and data 
of three bits are stored in the two memory cells. In 
this embodiment, data of three bits are stored in a pair 
of adjacent memory cells which share a control gate. 
In addition, the "memory cell array 1 is formed on a 



cuit 2. 



• not lo w- 




■e^c±han 0V and lower than 1.5V, and stores data 



/ 

dedicated p-type well. 
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In the bit line control circuit in FIG. 3, clocked 
synchronous inverters CI1 and CI2 and clocked synchro- 
nous inverters CI3 and CI4 constitute flip-flops, 
respectively, and these flip-flops latch write/read 
5 data. The flip-flops are also operated as sense 

amplifiers. The flip-flop constituted by the clocked 
synchronous inverters CI1 and CI2 latches write data 
information indicating whether data "0" or data "1" or 
"2" is to be written, and latches read data information 

10 indicating whether a memory cell stores the information 
of data "0" or the information of data "1" or "2". 
The flip-flop constituted by the clocked synchronous 
inverters CI 3 and CI4 latches write data information 
indicating whether data "1" or "2" is to be written, and 

15 latches read data information indicating whether a mem- 
ory cell stores the information of data "2" or the 
information of data "0" or " l" . 

Of n-channel MOS transistors, an n-channel MOS 
transistor Qnl transfers a voltage vpr to a bit line 

20 when a precharge signal PRE goes to "H" level. When a 
bit line connection signal BLC goes to "H" level, an 
n-channel MOS transistor Qn2 connects the bit line to a 
main bit line control circuit. N-channel MOS transis- 
tors Qn3 to Qn6 and Qn9 to Qnl2 selectively transfer 

25 voltages VBLH, VBLM, and VBLL to the bit line in accor- 
dance with the data latched in the above flip-flops. 
When signals SAC2 and SAC1 go to n H" level, n-channel 



MOS transistors Qn7 and Qn8 respectively connect the 
flip-flops to the bit line. An n-channel MOS transistor 
Qnl3 is arranged to detect whether all the data of one 
page latched in the flip-flops are identical to each 
5 other. When column selection signals CSL1 and CSL2 go 
to "H" level, n-channel MOS transistors Qnl4 and Qnl5 
selectively connect a corresponding one of the 
flip-flops to data input/output line IOA or IOB, and 
n-channel MOS transistors Qnl6 and Qnl7 selectively 

10 connect a. corresponding one of the flip-flops to the 
data input/output line IOA or IOB . 

Although an inverter portion is roughly shown in 
FIG. 3 as shown in FIG. 19(a), the inverter portion has 
the circuit arrangement shown in FIG. 19(b). 

15 The operation of the EEPROM arranged as described 

above will be described below with reference to FIGS. 4 
to 6. FIG. 4 shows read operation timings, FIG. 5 shows 
write operation timings, and FIG. 6 shows verify read 
operation timings. Each of FIGS. 4, 5, and 6 shows a 

20 case wherein the control gate CG4 is selected. 

A read operation is executed by two basic cycles. 
In the first read cycle, the voltage VPR becomes a power 
supply voltage Vcc to precharge the bit line, and the 
precharge signal PRE goes to "L M level to cause the bit 

25 line to float. Subsequently, the selection gates SGI 

and SG2 and the control gates CGI to CG3 and CG5 to CG8 
are set to be the power supply voltage Vcc. At the same 



time, the control gate CG4 is set to be 1.5V. Only 
when the threshold voltage of a selected memory cell 
is set to be 1.5V or more, i.e., data "2" is written 
in this memory cell, the bit line is kept at "H" 
5 level . 

Thereafter, sense activation signals SEN2 and SEN2B 
go to " L 11 level and "H" level, respectively, and latch 
activation signals LAT2 and LAT2B go to "L" level and 
"H H level, respectively, thereby resetting the flip-flop 

10 constituted by the clocked synchronous inverters CI3 and 
CI4. The signal SAC2 goes to "H" level to connect the 
flip-flop constituted by the clocked synchronous 
inverters CI3 and CI4 to the bit line. After the sense 
activation signals SEN2 and SEN2B go to 11 H 11 level and 

15 "L tf level, respectively, to sense a bit line potential, 
the latch activation signals LAT2 and LAT2B go to "H" 
level and "L n level, respectively, and the information 
of data "2" or data "1" or "0" is latched in the flip- 
flop constituted by the clocked synchronous inverters 

20 CI 3 and CI4. 

In the second read cycle, unlike the first read 
cycle, the voltage of the selection control gate CG4 is 
not set to be 1.5V but^ set to be 0V, and signals SEN1 , 
SEN1B, LAT1 , LAT1B , and SAC1 are output in place of the 

25 signals SEN2 , SEN2B , LAT2 , LAT2B, and SAC2 . Therefore, 
in the second read cycle, the information of data "0" or 
data " 1" or "2" is latched in the flip-flop constituted 
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by the clocked synchronous inverters CI1 and CI2. 

Data written in the memory cells are read out by* 
the two read cycles described above. 

The data of the memory cells are erased prior to a 
5 data write operation, and the threshold voltage vt of 

each of the memory cells is set to be less than OV. The 
p-type well, the common source line Vsj, the selection 
gates SGI and SG2 are set to be 20V , and the control 
gates CGI to CG8 are set to be 0V, thereby performing an 

10 erase operation. 

In the write operation, the precharge signal PRE 
goes to "L" level to cause the bit line to float. The 
selection gate SGI and the control gates CGI to CG8 are 
set to be Vcc . The selection gate SG2 is set to be 0V 

15 during the write operation. At the same time, signals 
VRFYl , VRFY2, FIM, and FIH are set to be Vcc. In a 
l! 0"-data write operation, since the flip-flop consti- 
tuted by the clocked synchronous inverters CI1 and CI2 
latches data such that an output from the clocked 

20 synchronous inverter CI1 is set at "H" level, the bit 
line is charged by the voltage Vcc . In the " 1"- or 
!, 2 M -data write operation, the bit line is set to be 
0V. 

Subsequently, the selection gate SGI, the control 
25 gates CGI to CG8 , the signals BLC and VRFYl , and a volt- 
age VSA are set to be 10V, the voltage VBLH is set to 
be 8V, and the voltage VBLM is set to be IV. In the 
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"l"-data write operation, since the flip-flop consti- 
tuted by the clocked synchronous inverters CI 3 and CI4 
latches data such that an output from the clocked 
synchronous inverter CI3 goes to "H" level, a voltage of 
5 IV is applied to the bit line BL . In a "2" -data write 
operation, the bit line is set to be OV. In a "0"-data 
write operation, the bit line is set to be 8V. 
Thereafter, the selected control gate CG4 is set to be 
20V. 

10 In a "l"- or n 2"-data write operation, electrons 

are injected into the charge accumulation layers of the 
memory cells by the potential difference between the bit 
line BL and the control gate CG4 . In the "l"-data write 
operation, amounts of charges to be injected into the 

15 charge accumulation layers of the memory cells must be 

smaller than those in the "2 "-data write operation. For 
this reason, the bit line BL is set to be IV to relax 
the potential difference between the bit line BL and the 
control gate CG4 to 19V. However, even when the poten- 

20 tial difference is not relaxed, the same effect as 

described above can be obtained by adjusting a write 
time. In a M 0"-data write operation, the threshold 
voltages of the memory cells are not effectively changed 
by a bit line voltage of 8V. 

25 Upon completion of the write operation, the selec- 

tion gate SGI and the control gates CGI to CG8 are set 
to be 0V, and then the voltage of the bit line BL set to 
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be 8V in the "0"-data write operation is reset to OV 
with a time lag. This is because, when the order of 
the setting operations is reversed, a "2"- or 
"^'-data-written state is temporarily set, and erroneous 
5 data is written in the "0"-data write operation. 

After the write operation, a verify read operation 
is performed to check the written state of the memory 
cell and perform an additional write operation to only a 
memory cell in which data is not sufficiently written. 
10 During the verify read operation, the voltages VBLH, 
VBLL, and FIM are set to be Vcc , 0V, and 0V, 
respectively . 

The verify read operation is executed by two basic 
cycles. Each of the basic cycles is almost identical to 

15 the second read cycle except that the voltage of the 

selected control gate CG4 and signals VRFY1, VRFY2, and 
FIH are output (only the signal VRFY1 is output in the 
first verify read cycle). The signals VRFY1 , VRFY2 , and 
FIH are output before the signals SEN1 , SEN1B, LAT1 , and 

20 LAT1B go to "L" level, "H" level, "L" level and "H" 

level, respectively, after the selection gates SGI and 
SG2 and the control gates CGI to CG8 are reset to 0V. 
In other words, the signals VRFY1, VRFY2, and FIH are 
output before the flip-flop constituted by the clocked 

25 synchronous inverters Cli and CI2 is reset after the 

potential of the bit line is determined by the threshold 
voltages of the memory cells. The potential of the 
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selected control gate CG4 is set to be 2V (first cycle) 
and 0.5V (second cycle) in the verify read operation 
which are higher than 1.5V (first cycle) and 0V (second 
cycle) in the read operation to assure a threshold 
5 voltage margin of 0.5V. 

In this case, data (data 1) latched in the flip- 
flop constituted by the clocked synchronous inverters 
CI1 and CI2, data (data 2) latched in the flip-flop 
constituted by the clocked synchronous inverters CI3 and 

10 CI4, and the voltage of the bit line BL determined by 

the threshold voltage of a selected memory cell will be 
described below. The data 1 controls a 11 0" -data write 
operation or a "l"- or "2"-data write operation. The 
n-channel MOS transistor Qn3 is set in an "ON" state 

15 when the !, 0"-data write operation is performed, and the 
n-channel MOS transistor Qn6 is set in an "ON" state 
when "l" - or "2" -data write operation is performed. The 
data 2 controls a "l"-data write operation or a f, 2 f, -data 
write operation. The n-channel MOS transistor QnlO is 

20 set in an "ON" state when the "I" -data write operation 
is performed, and the n-channel MOS transistor Qnll is 
set in an "ON" state when the "2 "-data write operation 
is performed . 

In the first verify read cycle in the "0"-data 

25 write operation (initial write data is data "0 M ), the 
data of the memory cell is data "0". For this reason, 
when the control gate CG4 is set to be 2V, the memory 
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cell causes a bit line potential to go to "L" level. 
Thereafter, when signal VRFY1 goes to "H" level, the 
potential of the bit line BL goes to "H" level. 

In the first verify read cycle in the "l"-data 
5 write operation (initial write data is data " 1"), since 
the data of the memory cell is to be "1", the threshold 
voltage of the memory cell is less than 1.5V. When the 
control gate CG4 is set to be 2 v, the memory cell 
causes the bit line potential to go to "L" level. In 

10 this case, even when the initial write data is data "l" , 
when data "l M is sufficiently written in the selected 
memory cell by the previou s^ verify read cycles 
--performed-, the data 1 is set to be data "0". In this 
case, when the signal VRFY1 goes to "H" level later, the 

15 potential of the bit line BL goes to "H" level ((1) in 

FIG. 6). In cases except for the above case, the poten- 
tial of the bit line BL goes to "L" level ((2) in 
FIG. 6). 

In the first verify read cycle in the "2 H -data 
20 write operation (initial write data is data "2"), when 
the data of the selected memory cell is not data "2" 
(data "2" is not sufficiently written), and the control 
gate CG4 is set to be 2V, the memory cell causes the 
bit line potential to go to "L" level ((5) in FIG. 6). 
25 When data "2" is sufficiently written in the selected 

memory cell, even when the control gate CG4 is set to be 
2V, the bit line potential is kept at "H" level ((3) 
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and (4) in FIG. 6). (3) in FIG. 6 indicates a case 
wherein data " 2" is sufficiently written in the memory 
cell in advance, and the data 1 is converted into data 
for controlling the "0"-data write operation by the 
. prevl ou-s- verify read cycles - p o rform ed. In this case, 
when the signal VRFY1 goes to "H" level, the bit line BL 
is charged by the voltage VBLH again. 

In the second verify read cycle in the M O f, -data 
write operation (initial write data is data "0"), the 
data of the memory cell is data "0". For this reason, 
when the control gate CG4 is set to be 0.5V, the memory 
cell causes the bit line potential to go to "L" . 
Thereafter, when the signal VRFY1 goes to "H M level, the 
potential of the bit line BL goes to "H" level. 

In the second verify read cycle in the "l"-data 
write operation (initial write data is data "1"), the 
data of the selected memory cell is not data " 1" (data 
"1" is not sufficiently written) , and the control gate 
CG4 is set to be 0.5V, the memory cell causes the bit 
line potential to go to "L" level ((8) in FIG. 6). When 
data "1" is sufficiently written in the selected memory 
cell, even when the control gate CG4 is set to be 0.5V, 
the bit line potential is kept at " H " level ((6) and (7) 
in FIG. 6). (6) in FIG. 6 indicates a case wherein data 
" 1" is sufficiently written in the memory cell in 
advance by previous verify read cycles, and the data 1 
is converted into data for controlling the "0"-data 
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write operation. In this case, when the signal VRFY1 
goes to "H" level, the bit line BL is charged by the 
voltage VBLH again. 

In the second verify read cycle in the data "2" 
5 read operation (initial write data is data "2"), the 
data of the memory cell is to be data "2". For this 
reason, assuming that the threshold voltage of the 
memory cell is 0.5V or more, even when data "2" is 
sufficiently written or is not sufficiently written in 

10 the memory cell, and the control gate CG4 is set to be 
0.5V, the bit line potential is kept at "H" level ((9) 
and (10) in FIG. 6). When data "2" is not sufficiently 
written in the memory cell, and the threshold voltage of 
the memory cell is 0.5V or less, the bit line potential 

15 goes to "L" level ((11) in FIG . 6). 

Thereafter, when the signals VRFY1, VRFY2 , and FIH 
go to "H" level, data "2" is sufficiently written, and 
the data 1 is converted into data for controlling a 
,f 0 ,f -data write operation, the potential of the bit line 

20 BL goes to n H" level ((9) in FIG. 6). In other cases 

except for the above case, the potential of the bit line 
BL goes to "L" level ((10) and (11) in FIG. 6). 

With the above verify read operation, rewrite data 
are set as shown in the following table (Table 1) on the 

25 basis of the write data and the written states of the 
memory cells. 



' H-'fOK Table l 



Write Data 
Cell Data 


00011222 
01201012' 


Rewrite Data 


00010220 



5 

As is apparent from Table 1, data "1" is rewritten 
in only a memory cell in which data "1 M is not suffi- 
ciently written, and data "2" is rewritten in only a 
memory cell in which 2 is not sufficiently written. 
10 In addition, when data are sufficiently written in all 
the memory cells, the n-channel MOS transistors Qnl3 of 
all the columns are set in an "OFF" state, and data 
write operation end information is output by a signal 
PENDB • 

15 FIGS. 7A and 7B show data input/output operation 

timings. FIG. 7A shows a data input timing, and FIG. 7B 
shows a data output timing. After three external data 
input cycles are performed, data to be input to the bit 
line control circuit 2 is generated and output from the 

20 input/output data conversion circuit 5. External data 

(Xl,X2,X 3 ) of three bits are converted into data (Y 1 ,Y2) 
for two memory cells. In the bit line control circuit 
2, the converted data are set in a register Rl consti- 
tuted by the clocked synchronous inverters CI1 and CI2 

25 and a register R2 constituted by the clocked synchronous 
inverters CI3 and CI4. This setting is performed 
through the data input/output lines IOA and IOB . 
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Readout data latched in the registers Rl and R2 are 
transferred to the input/output data conversion circuit 
5 through the data input/output lines IOA and IOB, 
converted, and then output. Column selection signals 
5 CSLli and CSL2i are set to be the same signal, and the 

data input/output lines IOA and IOB are divided into two 
systems such that two registers of the same column can 
be easily accessed at once. Therefore, an access time 
can be effectively shortened. 
10 The following table (Table 2) shows the relation- 

ships between external data (X 1 ,X 2 ,X3) of three bits, 
two data (Y 1/ Y 2 ) of the memory cells, and the data of 
the registers Rl and R2 respectively corresponding to 
the data and Y 2 in a data input operation. 
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Each register data is expressed by the voltage 
level of the input/output line IOA in a data transfer 
20 operation. Since the data input/output line IOB is 

obtained by inverting the data input/output line IOA, 
the data input/output line IOB is not illustrated. The 
following table (Table 3) shows the relationships of 
Table 2 in a data output operation. 
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In this embodiment, the level of the data 
input/output line IOA in an input operation and the 
level of the data input/output line IOA in an output 
operation are inverted with respect to the same data* 

Of nine combinations of the two data (Y 1/ Y 2 ) of the 
memory cells, one combination is an extra combination. 
For this reason, this extra combination can be used as 
file management information such as pointer information. 
In this case, the pointer information corresponds to 
cell data (Y 1 ,Y 2 ) = (2,2). 
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FIG. 8 shows the concept of a page serving as a 
data write unit when viewed from a microprocessor or the 
like for controlling an EEPROM. In this case, one page 
is defined by N bytes, and addresses (logical addresses) 
5 when viewed from a microprocessor or the like are 

represented^. For example, when write data is input 
into only an area 1 (logical addresses 0 to n) , and 
n = 3m + 2 (m = 0, 1, 2,...) is satisfied, data 
( x l/ x 2' x 3) are always completed. For this reason, no 

10 problem is posed. Since only data Xi is input when 
n = 3m, data X 2 = 0 and X 3 = 0 are generated inside 
the EEPROM, so that data (X 1 ,X 2 ,X 3 ) are input to 
the input/output data conversion circuit 5. When 
n = 3m + 1, data X 3 = 0 is generated inside the EEPROM. 

15 When the address n is equal to the address N, the same 
effect as described above can be obtained. 

After a data write operation is performed in the 
area 1 (all write data in an area 2 are "0" ), when a 
data write operation is additionally performed in an 

20 area 2, the data in the area 1 are read out, and the 
write data in the area 2 is added to the readout data 
and input them. Alternatively, the data in the area 1 
are read out. When the start address of the area 2 is 
n -f 1 = 3m, all the data in the area 1 may be set to be 

25 data "0" ; when the start address is n + 1 = 3m + 2, data 
at addresses n - 1 and n may be added as data Xi and X 2 
to data X 3 at address n + 1, and all data at addresses 
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up to address n - 2 in the area 1 may be set to be data 
"0"; and when the start address is n + 1 = 3m + l ; data 
at address n may be added as data Xi to data X 2 and X3 
at addresses n + 1 and n + 2, and all data at addresses 
5 up to address n - l may be set to be data "0". These 
operations can be easily, automatically performed 
inside the EEPROM. The combinations between the data 
( X 1' X 2' X 3) and data (Yi,Y 2 ) are formed as shown in 
Tables 2 and 3 such that the additional data write 

10 operation can be performed. The relationships between 

the data (X 1/ X 2 /X 3 ) and the data (Y 1 ,Y 2 ) shown in Tables 
2 and 3 are only examples, and the relationships between 
the data (X 1/ X 2 ,X 3 ) and the data (Y l7 Y 2 ) are not limited 
to the relationships shown in Tables 2 and 3 . In 

15 addition, even when the number of areas is three or 

more, additional data can be written in the same manner 
as described above. 

FIG. 9A shows a data write algorithm. After a data 
loading operation is performed, a write operation, a 

20 verify read operation, and a write end detecting opera- 
tion are repeatedly performed. The operations enclosed 
by a dotted line are automatically performed in the 
EEPROM . 

FIG. 9B shows an additional data write algorithm. 
25 After a read operation and a data loading operation are 
performed, a verify read operation, a write end detect- 
ing operation, and a write operation are repeatedly 



• 



performed. The operations enclosed by a dotted line are 
automatically performed in the EEPROM . The verify read 
operation is performed after the data loading operation 
is performed because data is prevented from being 
5 written in a memory cell in which data " l" or "2" is 

written in advance. If the verify read operation is not 
performed after the data loading operation is performed, 
an excessive write operation may be performed. 

FIG. 10 shows write characteristics with respect to 

10 the threshold voltage of a memory cell in the EEPROM 

described above. A write operation in a memory cell in 
which data "1" is to be written and a write operation in 
a memory cell in which data "2" is to be written are 
performed at once, and write periods of time are 

15 independently set for these memory cells. 

The following table (Table 4) shows the potentials 
at several positions of the memory cell array in an 
erase operation, a write operation, and a verify read 
operation . 



- 50 - 









o 






-H 






-p 


C 0) 




fO 


O «— 1 




u 


0 u 




CD 


CD > 




Q4 


CO CJ 




0 










O 


(0 




M 


0) 




Cu 


03 








-P CD 


<D 


>i 


CO 1 — 1 


0) 




p u 


co 


-H 


-H > 










Q) 






> 







> 

LD 



> 

in 



> 

LD 



> 
LO 



> 

in 



> 

LO 



> 
LO 



> 
LO 



> 

in 



> 

LO 



> 
O 



> 

o 



> 

CM 



p 

0) 

CM 
o 

(0 
CU 
P3 



0) 



Q) 


u 


1 — ! 


c 


U 


0) CO 




-C --1 


O 






>1 0 


C 


' — ! = 


O 


c 


u 


O (0 


CD 


-P 


co 


- <n 







> 

o 



> 

LD 



03 
0) 
P 



> 
LO 



> 
LO 



> 



> 



> 

LO 



> 
LO 



> 
LO 



> 

LO 



> 

o 



> 

o 



CD 


c 




rH 


CD CO 




0 


x: -p 




>1 






0 




> 




>. CM 


LO 


-P 


1 — 1 = 




w 


a 




p 


O fO 




-H 


-p 




DL4 


= CO 
^ no 





c 
o 



<D CO 

-P P 

I CD 

P Oi 

s o 



> 

o 



> 

CO 



> 
o 



> 
o 



> 
o 



> 
o 



> 
o 

CM 



> 

o 



> 
o 



> 

o 



> 

o 



> 
o 



> 
o 



> 
o 



c 
o 

-p 

CD CO 

w p 

fO CD 
u CU 
t3 O 



> 
o 

CM 



> 


> 


> 


> 


> 


> 


> 


> 


> 


> 


> 


> 


0 


O 


O 


O 


O 


O 


O 


O 


O 


O 


O 


O 


CM 


















CM 


CM 


CM 



— 1 




CM 


m 




LO 


VO 




CO 


CM 


b 


0 


O 


O 


O 


0 


0 


O 


O 


O 


CO 


0 


a 


O 


a 


a 


a 


O 


U 


CO 



to 
> 



CD 

a, 



- 51 - 



10 



FIG. 11 shows the detailed arrangements of a memory 
cell array l and a bit line control circuit 2 in a 
NOR-cell EEPROM according to the second embodiment of 
the present invention. A NOR cell is constituted by 
only a memory cell M10. One terminal of the NOR cell is 
connected to a bit line BL, and the other terminal is 
connected to a common ground line. Memory cells M which 
share one control gate WL constitute a page. Each of 
the memory cells M stores data at a threshold voltage Vt 
thereof. The memory cell stores data "0" indicating 
that the threshold voltage Vt is not less than Vcc, 
stores data "l" indicating that the threshold voltage Vt 
is lower than Vcc and not less than 2.5V, and stores 
data "2" indicating that the threshold voltage Vt is 
15 lower than 2.5V and not less than 0V. One memory cell 

can nave three states^ nine combinations can be obtained 
by two memory cells. Of these nine combinations, eight 
combinations are used, and data of three bits are stored 
in the two memory cells. In this embodiment, data of 
20 three bits are stored in a pair of adjacent memory cells 
which share a control gate. 

A flip-flop is constituted by clocked synchronous 
inverters CIS and CI6, and a flip-flop is constituted 
by clocked synchronous inverters CI7 and CI8. These 
25 flip-flops latch write/read data. The flip-flops are 
also operated as sense amplifiers. The flip-flop con- 
stituted by the clocked synchronous inverters CIS and 
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CI6 latches write data information indicating whether 
data "0" or data "l" or "2" is to be written, and 
latches read data information indicating whether a 
memory cell stores the information of data "0" or the 
5 information of data n 1" or "2". The flip-flop consti- 
tuted by the clocked synchronous inverters CI7 and CI8 
latches write data information indicating whether data 
"1" or "2" is to be written, and latches read data 
information indicating whether a memory cell stores the 
10 information of data "2" or the information of data "0" 
or "1". 

Of n-channel MOS transistors, an n-channel MOS 
transistor Qnl8 transfers a voltage VPR to a bit line 
when a precharge signal PRE goes to "H" level. When a 

15 bit line connection signal BLC goes to "H" level, an 

n-channel MOS transistor Qnl9 connects the bit line to a 
main bit line control circuit. N-channel MOS transis- 
tors Qn20 to Qn2 3 and Qn25 to Qn28 selectively transfer 
voltages VBLH, VBLM, and a voltage of 0V to the bit 

20 line in accordance with the data latched in the above 

flip-flops. When signals SAC2 and SAC1 go to "H" level, 
n-channel MOS transistors Qn24 and Qn29 respectively 
connect the flip-flops to the bit line. An n-channel 
MOS transistor Qn30 is arranged to detect whether all 

25 the data of one page latched in the flip-flops are 

identical to each other. When column selection signals 
CSL1 and CSL2 go to "H" level, n-channel MOS transistors 
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Qn31 and Qn32 selectively connect a corresponding one of 
the flip-flops to a data input/output line IOA or IOB, 
and n-channel MOS transistors Qn3 3 and Qn34 selectively 
connect a corresponding one of the flip-flops to the 
5 data input/output line IOA or IOB. 

The operation of the EEPROM arranged as described 
above will be described below with reference to FIGS. 12 
to 14, FIG. 12 shows read operation timings, FIG. 13 
shows write operation timings, and FIG. 14 shows verify 

10 read operation timings. 

A read operation is executed by two basic cycles. 
In the first read cycle, the voltage VPR becomes a power 
supply voltage Vcc to precharge a bit line, and the 
precharge signal PRE goes to "L" level to cause the bit 

15 line to float. Subsequently, the control gate WL is set 
to be 2.5V. Only when the threshold voltage Vt of a 
selected memory cell is set to be 2.5V or less, i.e., 
data "2" is written in this memory cell, the bit line 
goes to "L" level. 

20 Thereafter, sense activation signals SEN2 and SEN2B 

go to "L" level and "H" level, respectively, and latch 
activation signals LAT2 and LAT2B go to "L" level and 
"H" level, respectively, thereby resetting the flip-flop 
constituted by the clocked synchronous inverters CI7 and 

25 CI8. The signal SAC2 goes to "H" level to connect the 
flip-flop constituted by the clocked synchronous 
inverters CI7 and CI8 to the bit line. After the sense 
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activation signals SEN2 and SEN2B go to "H" level and 
"L" level, respectively, to sense a bit line potential, 
the latch activation signals LAT2 and LAT2B go to "H" 
level and " L " level, respectively, and the information 
of data "2" or "1" or data "0" is latched in the 
flip-flop constituted by the clocked synchronous 
inverters CI7 and CI8. 

In the second read cycle, unlike the first read 
cycle, the voltage of the selection control gate WL is 
not set to be 2.5V bui^ set to be Vcc, and signals SEN1 , 
SEN1B, LAT1, L AT 1 B , and SAC1 are output in place of the 



signals SEN2 , SEN2B, LAT2 , LAT2B, and SAC2 . Therefore, 
in the second read cycle, the information of data "0" or 
data "1" or "2" is latched in the flip-flop constituted 

15 by the clocked synchronous inverters CI5 and CI6. 

Data written in the memory cells are read out by 
the two read cycles described above. 

The data of the memory cells are erased prior to a 
data write operation, and the threshold voltage Vt of 

20 each of the memory cells is set to be Vcc or more. The 
control gate WL is set to be 20V, and the bit line is 
set to be 0V, thereby performing an erase operation. 

In the write operation, the precharge signal PRE 
goes to "L" level to cause the bit line to float. 

25 Signals VRFY1 , VRFY 2 , FIM , and FIL are set to be Vcc. 
In a "0"-data write operation, since the flip-flop 
constituted by the clocked synchronous inverters CIS and 
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CI6 latches data such that an output from the clocked 
synchronous inverter CIS goes to "H" level, the bit 
line is set to be OV. In the " 1" - or " 2" -data write 
operation, the bit line is set to be Vcc . 
5 Subsequently, the signals BLC, VRFY2 , FIM, and FIL 

and a voltage VSA are set to be 10 V, the voltage VBLH 
is set to be 8V, and the voltage VBLM is set to be 7V. 
In the " l"-data write operation, since the flip-flop 
constituted by the clocked synchronous inverters CI7 and 

10 CI8 latches data such that an output from the clocked 

synchronous inverter CI7 goes to "H" level, a voltage of 
7V is applied to the bit line BL . In a "2 "-data write 
operation, the bit line is set to be 8V. In a "0"-data 
write operation, the bit line is set to be 0V. 

15 Thereafter, the selected control gate WL is set to be 
-12V. 

In a "i ,f - or "2" -data write operation, electrons 
are discharged from the charge accumulation layers of 
the memory cells by the potential difference between the 

20 bit line BL and the control gate WL, and the threshold 
voltages of the memory cells decrease. In the "l"-data 
write operation, a total amount of charge to be removed 
from the charge accumulation layers of the memory 
cells must be smaller than that in the "2 "-data write 

25 operation. For this reason, the bit line BL is set to 
be 7V to relax the potential difference between the bit 
line BL and the control gate WL to 19V. In a "0"-data 



write operation, the threshold voltages of the memory 
cells are not effectively changed by a bit line voltage 
of OV. 

After the write operation, a verify read operation 
is performed to check the written states of the memory 
cells and perform an additional write operation to only 
a memory cell in which data is not sufficiently written. 
During the verify read operation, the voltages VBLH and 
FIM are set to be Vcc and OV, respectively. 

The verify read operation is executed through two 
basic cycles. Each of the basic cycles is almost iden- 
tical to the second read cycle except that the voltage 
of the selected control gate WL and signals VRFYl, 
VRFY2, and FIL are output (only the signal VRFYl is 
output in the first verify read cycle). The signals 
VRFYl, VRFY2, and FIL are output before the signals 
SEN1, SEN1B, LAT1, and LAT1B go to "L" level, "H H level, 
"L" level and "H" level, respectively, after the control 
gate WL is reset to OV. in other words, the signals 
VRFYl, VRFY2 , and FIL are output before the flip-flop 
constituted by the clocked synchronous inverters CIS 
and CI6 is reset after the potential of the bit line 
is determined by the threshold voltages of the memory 
cells. The potential of the selected control gate WL is 
set to be 2V (first cycle) and 4V (second cycle) which 
are respectively lower than 2.5V (first cycle) and 
Vcc (second cycle) in the read operation to assure 
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a threshold voltage margin. 

In this case, data (data 1) latched in the flip- 
flop constituted by the clocked synchronous inverters 
CIS and CIS, data (data 2) latched in the flip-flop 
5 constituted by the clocked synchronous inverters CI7 and 
CI8, and the voltage of the bit line BL determined by 
the threshold voltage of a selected memory cell will be 
described below. The data 1 controls a M 0"-data write 
operation or a "l"- or "2"-data write operation. The 

10 n-channel MOS transistor Qn20 is set in an "ON" state 

when the "0"-data write operation is performed, and the 
n-channel MOS transistor Qn2 3 is set in an "ON" state 
when the "l"-or "2"-data write operation is performed. 
The data 2 controls a "l"-data write operation or 

15 "2 H -data write operation. The n-channel MOS transistor 
Qn26 is set in an "ON" state when the " l"-data write 
operation is performed, and the n-channel MOS transistor 
Qn27 is set in an "ON" state when the "2"-data write 
operation is performed. 

20 In the first verify read cycle in the "0"-data 

write operation (initial write data is data "0"), the 
data of the memory cell is data "0". For this reason, 
when the control gate WL is set to be 2V, the bit line 
potential is kept at "H" level. Thereafter, when signal 

25 VRFY1 goes to "H" level, the potential of the bit line 
BL goes to "L" level. 

In the first verify read cycle in the M I"-data 



write operation (initial write data is data "1"), since 
the data of the memory cell is to be data "1", the 
threshold voltage of the memory cell is 2.5V or more. 
When the control gate WL is set to be 2V, the bit line 
5 potential is kept at "H" level. Thereafter, the signal 
VRFY1 goes to "H" level. In this case, when data "l" is 
sufficiently written by the previous verify read cycles 
in advance, and the data 1 is converted into data for 
controlling the "0" -data write operation, the potential 

10 of the bit line BL goes to "L" level ((2) in FIG, 14); 
otherwise, "H" level ((1) in FIG. 14). 

In the first verify read cycle in the "2"-data 
write operation (initial write data is data "2"), when 
the data of the selected memory cell is not data "2" 

15 (data "2" is not sufficiently written), even when the 

control gate WL is set to be 2V, the bit line potential 
is kept at "H" level ((3) in FIG. 14). When data "2" is 
sufficiently written in the selected memory cell, and 
the control gate WL is set to be 2V, the memory cell 

20 causes the bit line potential to go to " L " level ((4) 
and (5) in FIG. 14). (5) in FIG. 14 indicates a case 
wherein data "2" is sufficiently written in the memory 
cell by the previous verify read cycles in advance, and 
the data 1 is converted into data for controlling the 

25 M 0"-data . write operation by the previous verify read 

cycle. In this case, when the signal VRFY1 goes to "H" 
level, the bit line BL is grounded. 



In the second verify read cycle in the "0 11 -data 
write operation (initial write data is data "0" ),^if the 
data of the memory cell is data "0", For this reason, 
even when the control gate WL is set to be 4V, the bit 
5 line potential is kept at "H" level. Thereafter, when 

the signal VRFY1 goes to "H" level, the potential of the 
bit line BL goes to "L" level. 

In the second verify read cycle in the "l"-data 
write operation (initial write data is data "1"), if the 

10 data of the selected memory cell is not data "l" (data 
"1" is not sufficiently written), even when the control 
gate WL is set to be 4V, the bit line potential "H" is 
kept at "H" level ((6) in FIG, 14). When data "1" is 
sufficiently written in the selected memory cell, when 

15 the voltage of the control" gate WL becomes 4V, the bit 
line potential goes to "L" level ((7) and (8) in 
FIG. 14). (8) in FIG. 14 indicates a case wherein data 
"1" is sufficiently written in the memory cell by the 
previous verify read cycles in advance, and the data 1 

20 is converted into data for controlling the 11 0" -data 

write operation. In this case, when the signal VRFY1 
goes to "H" level, the bit line BL is grounded. 

In the second verify read cycle in the "2" -data 
write operation (initial write data is data "2"), the 

25 data of the memory cell is to be data "2". For this 
reason, assuming that the threshold voltage of the 
memory cell is 4V or less, even when data "2" is 

c 
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sufficiently written or is not sufficiently written in 
the memory cell, and the control gate WL is set to be 
4V, the bit line potential goes to "L level ((10) and 
(11) in FIG . 14). When data "2" is not sufficiently 
written in the memory cell, and the threshold voltage of 
the memory cell is 4V or more, the bit line potential 
goes to "H" level ((9) in FIG. 14). 

Thereafter, when the signals VRFY1, VRFY2, and FIL 
go to "H" level, data "2" is sufficiently written, and 
the data l is converted into data for controlling a 
"0"-data write operation. In this case, the potential 
of the bit line BL goes to "L" level ((11) in FIG- 14); 
otherwise, n H" level ((9) and (10) in FIG. 14). 

With the above verify read operation, rewrite data 
15 are set as shown in the following * 4^L^L e " ( Table ij^ on the 
basis of the write data and the written states of the 
memory cells, as in the first embodiment. In addition, 
when data are sufficiently written in all the memory 
cells, the n-channel MOS transistors Qn30 of all columns 
20 are set in an "OFF" state, and data write operation end 
information is output by a signal PENDB . 

Data input/output operation timings, a data write 
algorithm, and an additional data write algorithm in 
the second embodiment are the same as those of the 
25 first embodiment as shown in FIGS. 7 to 9 and Tables 2 
and 3 . 

FIG. 15 shows write characteristics with respect to 
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the threshold voltages of memory cells in the EEPROM 
described above. A write operation in a memory cell in 
which data "1" is to be written and a write operation in 
a memory cell in which data "2" is to be written are 
5 performed at once, and write periods of time are inde- 
pendently set for these memory cells . 

The following table (Table 5) shows the potentials 
at BL and WL of the memory cell array in an erase 
operation, a write operation, and a verify read 
10 operation. 
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The circuits shown in FIGS. 3 and 11 can be modi- 
fied into, e.g., the circuits shown in FIGS. 16 and 17, 
respectively. Referring to FIG. 16, the n-channel MOS 
transistors Qn3 and Qn4 are replaced with p-channel MOS 
5 transistor Qpl and Qp2, respectively. Referring to 

FIG. 17, the n-channel MOS transistors Qn22 and Qn23 and 
the n-channel MOS transistors Qn25 to Qn28 are replaced 
with p-channel MOS transistors Qp3 to Qp8 . With the 
above arrangement, a voltage which can be transferred 

10 through transistors can be prevented from dropping 

according to the threshold voltage of the n-channel MOS 
transistor. In this embodiment, since it is required 
only to increase the voltage VSA to 8V, the breakdown 
voltage of the transistors constituting the above cir- 

15 cuit can be decreased. A signal VRFY1B in FIG. 16 is 
the inverted signal of the VRFY1 in FIGS. 2 and 3. 
Signals VRFY2B , FILB, and FIMB are inverted signals of 
the signals VRFY2, FIL , and FIM in FIG. 11, 
respectively . 

20 The additional data write operation is described in 

FIG. 8. For example, as shown in FIG. 18, it is one 
effective method that one page is divided into areas to 
easily perform an additional data write operation. In 
this embodiment, one area is constituted by 22 memory 

25 cells set every 32 logical addresses. In this manner, 

an additional data write operation in units of areas can 
be easily performed. More specifically, when additional 
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data is to be written in the area 2, the write data in 
all areas except for the area 2 are set to be data "0", 
and the additional data may be written in the area 2 
according to the data write algorithm shown in FIG. 9A. 
5 Each area may have a size except for the size of each of 
the areas shown in FIG. 18. 

FIG. 20 shows a memory cell array 1 of a NAND-cell 
EEPROM according to the third embodiment of the present 
invention. The memory cell array 1 is formed on a 

10 p-type well or a p-type substrate, and eight memory 

cells Ml to M8 are connected in series between a selec- 
tion transistor SI connected to a bit line BL and a 
selection transistor S2 connected to a common source 
line Vs, thereby constituting one NAND cell. The selec- 

15 tion transistors S (SI and"S2) have selection gates SG 
(SGI and SG2 ) , respectively. The memory cells have 
floating gates (charge accumulation layers) and control 
We. CG (CGI to CG8 ) which are stacked and formed on 
each other. The memory cells store information by using 

20 amounts of charges accumulated in the floating gates of 
the memory cells . The amounts of accumulated charges 
can be read out as the threshold voltages of the corre- 
sponding memory cells. 

In the present invention, such a threshold voltage 

25 is read out as shown in FIGS. 21A and 21B. In this 

case, the memory cell M2 having the control gate CG2 is 
selected. As shown in FIG. 21A, a voltage is applied to 
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each portion, and the bit line BL is set in a floating 
state. When the bit line BL is reset to OV in advance, 
the bit line BL is charged by the common source line 
Vs through the NAND cell. The selection gate voltages 
5 and control gate voltages are controlled such that 

the potential of the charged bit line BL is determined 
by the threshold voltage of the selected memory 
cell M2. 

In this embodiment, the selection gates SGI and 

10 SG2, the control gates CGI and CG3 to CG8 are set to be 
6V, the selected control gate CG2 is set to be 2V, and 
the common source line Vs is set to be 6V. The voltage 
waveforms of these parts are shown in FIG . 21B. In this 
case, a threshold voltage of 2V or less can be read out* 

15 When the threshold voltage of each non-selected memory 
cell is controlled to be 2.5V or less, a threshold 
voltage of -1.5V or more can be read out. When the 
potential of the bit line BL is 0V, a threshold voltage 
of 2V or more can be read out; when the bit line poten- 

20 tial is 3.5V, a threshold voltage of -1.5V or less can 
be read out. When the voltages of the selection gates 
SGI and SG2 and the non-selected control gates CGI and 
CG3 to CG8 are made sufficiently high, a threshold 
voltage of up to -4V can also be read out. 

25 The relationship between the threshold voltage of 

the memory cell and a bit line output voltage in this 
case is shown in FIG. 22. When calculation is performed 
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on the basis of a threshold voltage obtained when a back 
bias voltage is ov, a solid line in FIG. 22 is obtained. 
However, the bit line voltage becomes equal to the back 
bias voltage in practice, and the bit line output 

5 voltage decreases as indicated by a chain line in 

FIG. 22. For the sake of descriptive convenience, a 
threshold voltage is obtained in consideration of a back 
bias voltage hereinafter, unless otherwise specified. 
After electrons are discharged from the floating 

0 gate of the memory cell by an erase operation, electrons 
are injected into the floating gate by a write operation 
performed according to write data. FIG. 23 shows the 
relationship between a write time and a bit line output 
voltage in a read operation when a bit line output 

5 voltage in the read operation is not limited to the 

threshold voltage of each non-selected memory cell. For 
example, when the voltage of the common source line in 
the read operation is 3V, the bit line output voltage 
does not change unless the threshold voltage becomes -IV 

0 or more, as a result of electron injection into the 
floating gate. Even when the voltage of the common 
source line is 6V, when the threshold voltage of each 
non-selected memory cell is positive, the bit line 
output voltage in the read operation is limited. 

5 When one memory cell has two states (data "0" and 

data "1" ), for example, as shown in FIG . 24, a state in 
which the bit line output voltage in a read operation 



• 



becomes 3 to 4V (threshold voltage of about -2V to -IV) 
may be set as data "O" (erased state), and a state in 
which the bit line output voltage becomes 1 to 2V 
(threshold voltage of about 0 to IV) may be set as data 
5 " 1 « . 

When one memory cell has three states (data " 0" , 
data "1", and data "2"), for example, as shown in 
FIG. 25, a state in which the bit line output voltage in 
a read operation becomes 3.5 to 4.5V (threshold voltage 

10 of about -2.5V to -1.5V) may be set as data "0" (erased 
state) , a state in which the bit line output voltage 
becomes 1.5 to 2.5V (threshold voltage of about -0.5 to 
0.5V) may be set as data "1", and a state in which the 
bit line output voltage becomes 0 to 0.5V (threshold 

15 voltage of about 1.5 to 2.5V) may be set as data "2". 

FIG. 26 shows a memory cell array 1 of a NOR-cell 
EEPROM according to the fourth embodiment of the present 
invention. The memory cell array 1 is formed on a 
p-type well or a p-type substrate, and each memory 

20 cell M is arranged between a bit line BL and a common 
source line Vs. Each memory cell has a floating gate 
and a word line WL which are stacked and formed on each 
other . 

The threshold voltages of the memory cells are read 
25 out as shown in FIGS. 21 A and 27B. Voltages are applied 
as shown in FIG . 27A, and the bit line BL is set in a 
floating state. when the bit line BL is reset to 0V in 
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advance, the bit line BL is charged by the common source 
line Vs through the memory cell. The potential of the 
charged bit line BL is determined by the threshold 
voltage of selected memory cell M. 
5 In this embodiment, the word line WL is set to be 

6V, and the common source line Vs is set to be 6V. The 
voltage waveforms of these parts are shown in FIG. 27B. 
In this manner, a threshold voltage of 0 to 6V can be 
read out. When the potential of the bit line BL is OV, 

10 a threshold voltage of 6V or more can be read out; when 
the bit line potential is 6V, a threshold voltage of OV 
or less can be read out. The relationship between the 
threshold voltage of the memory cell and a bit line 
output voltage in this case is shown in FIG. 28. When^ 

15 calculation is performed on the basis of a threshold 
voltage at a back bias voltage of OV, a solid line in 
FIG. 28 is obtained. However, as in FIG. 22, the bit 
line voltage becomes equal to the back bias voltage in 
practice, and the bit line output voltage decreases as 

20 indicated by a chain line in FIG. 28. 

After electrons are injected into the floating gate 
of the memory cell by an erase operation, the electrons 
are discharged from the floating gate by a write opera- 
tion performed according to write data. FIG. 29 shows 

25 the relationship between a write time and a bit line 
output voltage in a read operation. For example, in 
the case of the voltage of the common source line in 
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the read operation is 3V, when the threshold voltage 
becomes 3V or less according to electron discharge from 
the floating gate, the bit line output voltage does not 
change. Even when the voltage of the common source line 
5 is 6V, the bit line output voltage in the read operation 
does not change at the threshold voltage of OV or 
less. 

When one memory cell has two states (data "0" and 
data "1"), for example, as shown in FIG, 30, a state in • 

10 which the bit line output voltage in a read operation 
becomes 1 to 2V (threshold voltage of about 4V to 5V) 
may be set as data "0" (erased state), and a state in 
which the bit line output voltage becomes 3 to 4V 
(threshold voltage of about 2 to 3V) may be set as data 

15 "1". 

When one memory cell has three states (data "0", 
data "1", and data "2"), for example, as shown in 
FIG. 31, a state in which the bit line output voltage 
in a read operation becomes 0 to 0.5V (threshold voltage 

20 of about 5.5V or more) may be set as data "0" (erased 
state), a state in which the bit line output voltage 
becomes 1.5 to 2.5V (threshold voltage of about 3.5 to 
4.5V) may be set as data "1", and a state in which the 
bit line output voltage becomes 3.5 to 4.5V (threshold 

25 voltage of about 1.5 to 2.5V) may be set as data "2". 
FIG. 32 shows the arrangement of a ternary 
storage type EEPROM according to the third and fourth 



embodiments of the present invention. For memory cell 
arrays 1 ((a) and (b)), a bit line control circuit 2 for 
controlling a bit line in read/write operations and a 
word line drive circuit 7 for controlling a word line 
5 potential are arranged. The bit line control circuit 2 
is selected by a column decoder 3 . The bit line control 
circuit 2 receives and outputs read/write data from/to 
an input/output data conversion circuit 5 through a data 
input/output line (10 line). The input/output data con- 

10 version circuit 5 converts multivalue information of a 
readout memory cell into binary information to exter- 
nally output the multivalue information, and converts 
the binary information of external input write data 
into the multivalue information of a memory cell. 

15 The input/output data conversion circuit 5 is 

connected to a data input/output buffer 6 for control- 
ling a data input/output operation with an external 
circuit . 

FIG. 3 3 shows the detailed arrangements of a memory 
20 cell array 1 and a bit line control circuit 2 in a 

NAND-cell EEPROM according to the third embodiment of 
the present invention. One terminal of the NAND cell is 
connected to a bit line BL, and the other terminal is 
connected to a common source line vs. Selection gates 
25 SGI and SG2 and control gates CGI to CG8 are shared by a 
plurality of NAND cells^ memory cells M which share one 
control gate constitute a page. Each of the memory 
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cells M stores data at a th reshold voltage Vt thereof. 
As shown in FIG. 25, the memory cell stores data "0", 
data "1", and data ,, 2", One memory cell has three 
states, and nine combinations can be obtained by two 
5 memory cells. Of these nine combinations, eight 

combinations are used, and data of three bits are stored 
in the two memory cells. 

In this embodiment, data of three bits are stored 
in a pair of adjacent memory cells which share a 

10 control gate. In addition, the memory cell arrays 1 
((a) and (b)) are formed on dedicated p-type wells, 
respectively . 

N-channel MOS transistors (n-ch Trs.) Qn8 to QnlO 
and p-channel MOS transistors (p-ch Trs.) Qp3 to Qp5 

15 constitute a flip-flop FF1 , and n-ch Trs. Qnll to Qnl3 
and p-ch Trs. Qp6 to Qp8 constitute a flip-flop FF2 . 
These flip-flops latch write/read data. The flip-flops 
are also operated as sense amplifiers. The flip-flop 
FF1 latches write data information indicating whether 

20 data "0" or data "l" or "2" is to be written, and 
latches read data information indicating whether a 
memory cell stores the information of data "0" or the 
information of data "1" or "2". The flip-flop FF2 
latches write data information indicating whether data 

25 "l" or "2" is to be written, and latches read data 

information indicating whether a memory cell stores the 
information of data "2" or the information of data "0" 
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or "1". 

An n-ch Tr. Qnl transfers a voltage Va to a bit 
line BLa when a precharge signal <ppa goes to "H" level. 
An n-ch Tr. Qn20 transfers a voltage Vb to a bit line 
5 BLb when a precharge signal $pb goes to "H" level, N-ch 
Trs. Qn4 to Qn7 and p-ch Trs. Qpl and Qp2 selectively 
transfer voltages VBHa , VBMa / and VBLa to the bit 
line BLa in accordance with the data latched in the 
flip-flops FF1 and FF2 . N-ch Trs. Qnl4 to Qnl7 and p-ch 

10 Trs, Qp9 and QplO selectively transfer voltages VBHb, 
VBMb, and VBLb to the bit line BLb in accordance with 
the data latched in the flip-flops FF1 and FF2 . An n-ch 
Tr. Qn2 connects the flip-flop FF1 to the bit line BLa 
when a signal <t>al goes to "H" level. An n-ch Tr Qn3 

15 connects the flip-flop FF2 to the bit line BLa when a 
signal 4>a2 goes to "H" . An n-ch Tr. Qnl9 connects the 
flip-flop FFl to the bit line BLb when a signal 4>bl goes 
to " H 11 level. An n-ch Tr. Qnl8 connects the flip-flop 
FF2 to the bit line BLb when a signal 4>b2 goes to "H" 

20 level. 

The operation of the EEPROM arranged as described 
above will be described below with reference to FIGS. 34 
to 36. FIG. 34 shows read operation timings, FIG. 35 
shows write operation timings, and FIG. 36 shows verify 
25 read operation timings. FIGS. 34 to 36 show timings 
obtained when a control gate CG2a is selected. 

The read operation is executed by two basic cycles. 
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In the first read cycle, the voltage Vb is set to be 3V, 
and the bit line BLb serving as a dummy bit line is 
precharged. The precharge signal $pa goes to "L" level 
to cause the bit line BLa to float, and a common source 
5 line Vsa is set to be 6V. Subsequently, selection gates 
SGla and SG2a and control gates CGla and CG3a to CG8a 
are set to be 6V. At the same time, the selected con- 
trol gate CG2a is set to be 2V. Only when data "0" is 
written in the selected memory cell, the voltage of the 
10 bit line BLa is set to be 3V or more. 

Thereafter, flip-flop activation signals -<J>nl and 
<t>pl go to "L" level and "H" level, respectively, to 
reset the flip-flop FF1 . The signals <j>al and <|>bl go to 
"H" level to connect the flip-flop FF1 to the bit lines 
15 BLa and BLb, The signals <t>nl and <t>pl go to "H" level 
and "L" level, respectively, to sense a bit line 
potential, and the flip-flop FF1 latches the information 
of data "0" or the information of data "1" or H 2" • 

In the second read cycle, unlike the first read 
20 cycle, the voltage of the dummy bit line BLb is not 3V 



but^ IV ^ signals <t>a2, 4>b2 , 4>n2, and 0p2 are output in 
place of the signals <t>al , <|>bl , <J>nl , and <t>pi . Therefore, 
in the second read cycle, the flip-flop FF2 latches the 
information of data 2 or the information of data "1" 



With the two read cycles described above, the data 
written in the memory cells are read out. 



is oM 



25 



or 



11 0 " . 
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Data in the memory cells are erased prior to a data 
write operation, and the threshold voltages vt of the 
memory cells are set to be -1.5V or less. The common 
source line Vsa and the selection gates SGla and SG2a 
5 are set to be 20V, and the control gates CGla to 

CG8a are set to be 0V , thereby performing an erase 
operation . 

In the write operation, the precharge signal <t>pa 
goes to "L" level to cause the bit line BLa to float, 

10 The selection gate SGla is set to be Vcc , and the 
control gates CGla to CG8a are set to be Vcc. The 
selection gate SG2a is set to be 0V during the write 
operation. At the same time, a signal VRFYa goes to 
"H" level, and a signal PBa goes to "L" level. In a 

15 "0"-data write operation, since the flip-flop FF1 

latches data such that the potential of a node Nl goes 
to 11 L 11 level, the bit line BLa is charged to Vcc by the 
voltage VBHa . In a "1"- or "2 "-data write operation, 
the bit line BLa is set to be 0V. 

20 Subsequently, the selection gate SGla and the con- 

trol gates CGla to CG8a are set to be 10V, the voltage 
VBHa and a voltage Vrw are set to be 8V, and the voltage 
VBMa is set to be IV. In the " 1" -data write operation, 
since the flip-flop FF2 latches data such that the 

25 potential of a node N3 goes to "L" level, a voltage of 
IV is applied to the bit line BLa by the voltage VBMa. 
The bit line BLa is set to be 0V in the " 2 "-data write 



operation, and bit line BLa is set to be 8V in the 
"(T-data write operation. Thereafter, the selected 
control gate CG2a is set to be 20V. 

In the "i»- or "2"-data write operation, electrons 
5 are injected into the charge accumulation layers of the 
memory cells by the potential difference between the bit 
line BLa and the control gate CG2a, and the threshold 
voltages of the memory cells increase. In a "l"-data 
write operation, since amounts of charges to be injected 

10 into the charge accumulation layers of the memory cells 
in the "l" -data write operation must be smaller than 
those in the "2"-data write operation, the bit line BLa 
is set to be IV to relax the potential difference 
between the bit line BLa and the control gate CG2a to 

15 19V, In the "0"-data write operation, the threshold 

voltages of the memory cells do not effectively change 
according to the bit line voltage of 8V. 

Upon completion of the write operation, the selec- 
tion gate SGla and the control gates CGla to CG8a are 

20 set to be 0V, and then the voltage of the bit line BLa 

set to be 8V in the "0"-data write operation is reset to 
0V with a time lag. This is because, when the order of 
the resetting operations is reversed, a "2" -data write 
operation state is temporarily set, and erroneous data 

25 is written in the "0"-data write operation. 

After the write operation, a verify read operation 
is performed to check the written state of the memory 
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cell and perform an additional write operation to only 
a memory cell in which data is not sufficiently 
written . 

The verify read operation is similar to the first 
5 read cycle except that the data of the flip-flop FF1 is 
inverted, the voltage Vb is set to be Vcc, the signal 
VRFYa and a signal VRFYb are output, and at this time, 
the voltages VBLb and VBMb are set to be 2.5V and 0.5V, 
respectively. The voltage of the bit line BLb is deter- 

10 mined by the voltages Vb, VBLb, and VBMb and the data of 
the flip-flops FF1 and FF2 . The signals VRFYa and VRFYb 
are output before the signals ct>nl and <j>pi go to "L" 
level and "H" level, respectively, after the selection 
gates SGla and SG2a and the control gates CGla to CG8a 

15 are reset to 0V. in other words, the signals VRFYa and 
VRFYb are output before the flip-flop FF1 is reset after 
the potential of the bit line BLa is determined by the 
threshold voltage of the memory cell. 

The inverting operation of the data of the flip- 

20 flop FF1 will be described below. The voltage Vb is set 
to be 2.5V to precharge the bit line BLb serving as a 
dummy bit line. In addition, the precharge signals 4>pa 
and 4>pb go to "L" level to cause the bit lines BLa and 
BLb to float. Subsequently, the signal PBa goes to "L" 

25 level, and the bit line BLa is charged to 2.5V or more 
only when the potential of the node Nl is set at " L " 
level. Thereafter, the flip-flop activation signals 4>nl 
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and <t>pi go to "L" level and "H" level, respectively, to 
reset the flip-flop FF1 . The signals 4>al and cj>bl go to 
"H" level to connect the flip-flop FF1 to the bit lines 
BLa and BLb , and the signals <t>nl and 4>pl go to "H" 
level and "L" level, respectively, to sense a bit line 
potential. By this operation, the data of the flip-flop 
FF1 is inverted. 

The data (data 1) latched in the flip-flop FF1 , the 
data (data 2) latched in the flip-flop FF2 , and the 
voltages of the bit lines BLa and BLb determined by the 
threshold voltage of a selected memory cell and obtained 
after the data inverting operation will be described 
below. The data 1 controls "0"-data write operation or 
"1"- or "2 n -data write operation. In the "0"-data write 
operation, the potential of the node Nl goes to "H" 
level set upon the data inverting operation. In the 
"1"- or "2"-data write operation, the potential of the 
node Nl goes to "L" level set upon the data inverting 
operation. The data 2 controls "l"-data write operation 
or "2 "-data write operation. The potential of the node 
N3 goes to "L" level in the "l"-data write operation, 
and the potential of the node N3 goes to "H" level in 
the "2"-data write operation. 

In the verify read operation performed after the 
"0"-data write operation, regardless of the states of 
the memory cells, when the signal VRFYa goes to "H" 
level, the voltage VBLa or VBMa causes the potential of 
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10 



15 



20 



the bit line BLa to go to "L" level. Therefore, the bit 
line BLa is sensed by the flip-flop FFl such that the 



latched is data "0". 

In the verify read operation set upon the "l" data 
write operation, the signal VRFYb goes to "H" level, and 
the dummy bit line BLb is set to be 2.5V. when the mem- 
ory cell is not set in a " 1 " -data-written state, the 
voltage of the bit line BLa is 2.5V or more, and the bit 
line BLa is sensed by the flip-flop FF1 such that the 
potential of the node Nl goes to "H" level, and rewrite 
data to be latched is data "1". When the memory cell 
reaches the "l u -data-written state, the bit line BLa 
is 2.5V or less, the bit line BLa is sensed by the 
flip-flop FFl such that the potential of the node Nl 
goes to 11 L " level, and rewrite data to be latched is 
data "0". 

In the verify read operation performed after the 
"2"-data write operation, the signal VRFYb goes to "H" 
level to set the dummy bit line BLb to be 0.5V. When 
the memory cell does not reach a " 2 " -data-written state, 
the voltage of the bit line BLa is 0.5 or more, the bit 
line BLa is sensed by the flip-flop FFl such that the 
potential of the node Nl goes to "H" level, and rewrite 
data to be latched is data "2". When the memory cell 
reaches the " 2 " -data-written state, the voltage of the 
bit line BLa is 0.5V or less, the bit line BLa is sensed 



node Nl goes to " L " 1 



evel, and rewrite data to be 
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by the flip-flop FF1 such that the potential of the node 
Nl goes to "L" level, and rewrite data to be latched is 
data "0" . 

With this verify read operation, rewrite data is 
set as described in the following table (Table 6) on the 
basis of write data and the written state of the memory 
cell . 

Table 6 



Write Data 


0 


0 


0 


1 


1 


2 


2 


2 


Memory Cell Data 


0 


1 


2 


0 


1 


0 


1 


2 


Rewrite Data 


0 


0 


0 


1 


0 


2 


2 


0 



As is apparent from the table (Table 6), although 
the '^"-data-written state is to be set, data " l " is 
15 written again in only a memory cell in which data "1" is 
not sufficiently written. Although the " 2 " -data-written 
state is to be set, data "2" is written again in only 
a memory cell in which data " 2" is not sufficiently 
written . 

20 The write operation and the verify read operation 

are repeatedly performed, thereby performing a data 

write operation. 

The following table (Table 7) shows the potentials 

at the several points of the memory cell array in an 
25 erase operation, a write operation, a read operation, 

and a verify read operation. 
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■FIG. 37 shows the detailed arrangement of a memory 
cell array and a bit line control circuit 2 in a 
NOR-cell EEPROM according to the fourth embodiment of 
the present invention. One terminal of a NOR cell is 
5 connected to a bit line BL , and the other terminal is 

connected to a common source line Vs. A word line WL is 
shared by a plurality of NOR cells, and memory cells M 
which share one word line constitute a page. Each mem- 
ory cell stores data by using a threshold voltage Vt of 

10 the corresponding memory cell, and as shown in FIG. 31, 
stores data "0", data "1", and data "2" . One memory 
cell has three states, and nine combinations can be 
obtained by two memory cells. Of these nine 
combinations, eight combinations are used, and data of 

15 three bits are stored in the two memory cells. In this 
embodiment, data of three bits are stored in a pair of 
adjacent memory cells which share a word line. In 
addition, the memory cell arrays 1 ((a) and (b)) are 
formed on a p-type substrate. 

20 N-ch Trs. Qn26 to Qn28 and p-ch Trs . Qpl5 to Qpl7 

constitute a flip-flop FF3, and n-ch Trs. Qn29 to Qn31 
and p-ch Trs. Qpl8 to Qp20 constitute a flip-flop FF4 . 
These flip-flops latch write/read data. The flip-flops 
are also operated as sense amplifiers. The flip-flop 

25 FF3 latches write data information indicating whether 
data "0" or data "i" or "2 n is to be written, and 
latches read data information indicating whether 
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a memory cell stores the information of data ,f 0 M or 
the information of data "1" or "2". The flip-flop FF4 
latches write data information indicating whether data 
"1" or "2" is to be written, and latches read data 
5 information indicating whether a memory cell stores the 
information of data "2" or the information of data "0" 
or "l" . 

An n-ch Tr. Qn21 transfers a voltage Va to a bit 
line BLa when a precharge signal <J)pa goes to "H u level. 

10 An n-ch Tr. Qn36 transfers a voltage vb to a bit line 

BLb when a precharge signal cj)pb goes to M H " level. N-ch 
Trs. Qn24 and Qn25 and p-ch Trs . Qpll to Qpl4 selec- 
tively transfer voltages VBHa and VBMa and a voltage of 
0V to the bit line BLa in accordance with the data 

15 latched in the flip-flops FF3 and FF4 . N-ch Trs. Qn32 

and Qn33 and p-ch Trs. Qp21 to Qp24 selectively transfer 
voltages VBHb and VBMb and a voltage of 0V to the bit 
line BLb in accordance with the data latched in the 
flip-flops FF3 and FF4 . An n-ch Tr. Qn22 connects the 

20 flip-flop FF3 to the bit line BLa when a signal cfcal goes 
to "H" level. An n-ch Tr Qn2 3 connects the flip-flop 
FF4 to the bit line BLa when a signal 4>a2 goes to "H" 
level. An n-ch Tr. Qn35 connects the flip-flop FF3 to 
the bit line BLb when a signal 4>bl goes to 11 H H level. 

25 An n-ch Tr. Qn34 connects the flip-flop FF4 to the bit 
line BLb when a signal <S>b2 goes to " H " level. 

The operation of the EEPROM arranged as described 
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above will be described below with reference to FIGS. 38 

to 40, FIG. 38 shows read operation timings, FIG. 39 

shows write operation timings, and FIG. 40 shows verify 

read operation timings. FIGS. 38 to 40 show timings 

5 . obtained when a word line WLa is selected. 

The read operation is executed by two basic cycles. 

In the first read cycle, the voltage Vb becomes IV to 

ay 

precharge the bit line BLb serving as^ dummy bit line. 
The precharge signal cfcpa goes to "L" level to cause the 

10 bit line BLa to float, and a common source line Vsa is 

set to be 6V. Subsequently, the word line WLa is set to 
be 6V. Only when data "0" is written in the selected 
memory cell, the voltage of the bit line BLa is set to 
be 0.5V or less. 

15 Thereafter, flip-flop activation signals 4>nl and 

<t>pl go to "L" level and "H" level, respectively, to 
reset the flip-flop FF3 . The signals tfeal and cj>bl go to 
"H" level to connect the flip-flop FF3 to the bit lines 
BLa and BLb. The signals ct>nl and "<t>pl go to "H" level 

20 and "L" level, respectively, to sense a bit line 

potential, and the flip-flop FF3 latches the information 
of data "0" or the information of data "1" or "2". 

In the second read cycle, unlike the first read 
cycle, the voltage of the dummy bit line BLb is not IV 

25 but^ 3V^ signals $a2, cj)b2 , <J>n2 , and <J>p2 are output in 

place of the signals <j>al , 4>bl , 4>nl , and 4>pl . Therefore, 
in the second read cycle, the flip-flop FF4 latches the 
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information of data " 2" or the information of data "1" 
or "0". 

With the two read cycles described above, the data 
written in the memory cells are read out. 
5 Data in the memory cells are erased prior to a data 

write operation, and the threshold voltages vt of the 
memory cells are set to be 5.5V or more. The word line 
WLa is set to be 20V , and the bit line BLa is set to be 
0V, thereby performing the erase operation. 

10 In the write operation, the precharge signal <t>pa 

goes to lf L n level to cause the bit line BLa to float. 
Subsequently, a signal VRFYBa goes to 11 L" level, and a 
signal Pa goes to "H" level. In a "C'-data write 
operation, since the flip-flop FF3 latches data such 

15 that the potential of a node N5 goes to "H" level, the 
bit line BLa is set to be 0V. In a »i"- or "2" -data 
write operation, the bit line BLa is set to be Vcc by 
the voltage VBHa or VBMa . 

Subsequently, each of the voltage VBHa and a volt- 

20 age Vrw becomes 8V, and the voltage VBMa becomes 7V. In 
the 11 1" -data write operation, since the flip-flop FF4 
latches data such that the potential of node N7 goes to 
"H" level, a voltage of 7V is applied to the bit line 
BLa by the voltage VBMa. The bit line BLa is set to be 

25 8V in the "2"-data write operation, and bit line BLa 
is set to be 0V in the ,, 0 ,, -data write operation. 
Thereafter, the selected word line WLa is set to be 
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-12V. 

In the "l"- or M 2"-data write operation, electrons 
are discharged from the charge accumulation layers of 
the memory cells by the potential difference between the 
5 bit line BLa and the word line WLa, and the threshold 
voltages of the memory cells decrease. In a "l"-data 
write operation, since amounts of charges to be dis- 
charged from the charge accumulation layers of the 
memory cells in the "l"-data write operation must be 

10 smaller than those in the " 2 n -data write operation, the 
bit line BLa is set to be 7V to relax the potential 
difference between the word line WLa and the bit line 
BLa to 19V. In the "0"-data write operation, the 
threshold voltage of the memory cell does not effec- 

15 tively change according to "the bit line voltage of 
ov. 

After the write operation, a verify read operation 
is performed to check the written state of the memory 
cells and perform an additional write operation to 
20 only a memory cell in which data is not sufficiently 
written . 

The verify read operation is similar to the first 
read cycle except that the data of the flip-flop FF3 is 
inverted, the voltage vb is 0V, the signal VRFYBa and a 
25 signal VRFYBb are output, and at this time, the voltages 
VBHb and VBMb become 1.5V and 3.5V, respectively. 
The voltage of the bit line 3Lb is determined by the 



voltages Vb, VBHb , and VBMb and the data of the flip- 
flops FF3 and FF4 ♦ The signals VRFYBa and VRFYBb are 
output before the signals <t>nl and <t>pl go to "L" level 
and "H" level, respectively, after the word line WLa is 
5 reset to OV. In other words, the signals VRFYBa and 
VRFYBb are output before the flip-flop FF3 is reset 
after the potential of the bit line BLa is determined by 
the threshold voltages of the memory cells. 

The inverting operation of the data of the flip- 

10 flop FF3 will be described below. The voltages Va and 
vb become Vcc and 2.5V, respectively, to precharge the 
bit lines BLa and BLb. In addition, the precharge 
signals (j>pa and $pb go to " L " level to cause the bit 
lines BLa and BLb to float. Subsequently, the signal Pa 

15 goes to "H" level, and the bit line BLa is discharged to 
2,5V or less only when the potential of the node N5 is 
set at "H" level. Thereafter, the flip-flop activation 
signals 4>nl and <j>pi go to "L" level and 11 H " level, 
respectively, to reset the flip-flop FF3 , the signals 

20 4>al and 4>bl go to "H" level to connect the flip-flop FF3 
to the bit lines BLa and BLb, and the signals <t>nl and 
<t>pl go to "H" level and "L" level, respectively, to 
sense a bit line potential. With this operation, the 
data of the flip-flop FF3 is inverted. 

25 * The data (data 1) latched in the flip-flop FF3, the 

data (data 2) latched in the flip-flop FF4 , and the 
voltages of the bit lines BLa and BLb determined by the 
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threshold voltage of a selected memory cell and obtained 
after the data inverting operation will be described 
below. The data 1 controls n O M -data write operation or 
"1"- or "2 n -data write operation. In the n 0"-data write 
5 operation, the potential of the node N5 goes to "L" 
level set upon the data inverting operation. In the 
"1"- or "2"-data write operation, the potential of the 
node N5 goes to "H" level set upon the data inverting 
operation. The data 2 controls "l-'-data write operation 

10 or "2"-data write operation. The potential of the node 
N7 goes to "H" level in the " i"-data write operation, 
and the potential of the node N7 goes to " L " level in 
the n 2 n -data write operation. 

In the verify read operation performed after the 

15 "0"-data write operation, regardless of the states of 
the memory cells, when the signal VRFYBa goes to "L" 
level, the voltage VBHa or VBMa causes the potential of 
the bit line BLa to go to "H" level. Therefore, the bit 
line BLa is sensed by the flip-flop FF3 such that the 

20 node N5 goes to "H" level, and rewrite data to be 
latched is data "0". 

In the verify read operation after the "1" data 
write operation, the signal VRFYBb goes to "L" level to 
set the dummy bit line 3Lb to be 1.5V. Therefore, 

25 when the memory cell does not reach a " 1 " -data-written 
state, the bit line BLa is set to be 1.5V or less, the 
bit line BLa is sensed by the flip-flop FF3 such that 
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the potential of the node N5 goes to " L " level, and 

rewrite data to be latched is data "1". when the memory 

cell reaches the " 1 " -data-written state, the bit line 

BLa is set to be 1.5V or more, the bit line BLa is 

5 sensed by the flip-flop FF3 such that the potential of 

the node N5 goes to "H" level, and rewrite data to be 

latched is data "0". 

In the verify read operation performed after the 

n 2 H -data write operation, the signal VRFYBb goes to 

10 "L" level to set the dummy bit line BLb to be 3.5V. 

Therefore, when the memory cell does not reach a 

M 2 n -rdata-written state, the bit line BLa is set to be 
■5J 



or less, the bit line BLa is sensed by the flip-flop 
FF3 such that the potential of the node N5 goes to "L" 
15 level, and rewrite data to "be latched is data "2". When 
the memory cell reaches the " 2 " -data-written state, the 
bit line BLa is set to be 3.5V or more, the bit line BLa 
is sensed by the flip-flop FF3 such that the potential 
of the node N5 goes to " H " level, and rewrite data to be 
20 latched is data "0" . 

With this verify read operation, rewrite data 
is set as described in the above Table 6 on the basis 
of write data and the written states of the memory 
cells. As is apparent from the Table 6, although the 
25 "1 "-data-written state is to be set, data "1" is written 
again in only a memory cell in which data "1" is not 
sufficiently written. Although the " 2 " -data-written 
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state is to be set, data "2" is written again in only a 
memory cell in which data "2" is not sufficiently 
written . 

The write operation and the verify read operation 
5 are repeatedly performed, thereby performing a data 
write operation. 

The following table (Table 8) shows the potentials 
at BLa, WLa and Vsa of the memory cell array in an erase 
operation, a write operation, a read operation, and a 
10 verify read operation. 
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FIG. 41 shows a circuit for controlling data 
input/output operations between the flip-flops FF1 and 
FF2 shown in FIG. 3 3 or the flip-flops FF3 and FF4 shown 
in FIG. 37 and the input/output data conversion circuit 
5 shown in FIG. 32. An inverter Ii and a NAND circuit 
Gi constitute a column decoder 3 . when a column activa- 
tion signal CENB goes to "H" level, a decoder output 
selected by an address signal goes to "H" level, and 
nodes A, B, C, and D are connected to input/output lines 
I0A1 , IOB1, IOA2, and IOB2, respectively. The nodes A, 
B, C, and D correspond to the nodes Nl , N2 , N3 , and N4 
in FIG. 33, respectively, and correspond to the nodes 
N6, N5, N8, and N7 in FIG. 37, respectively. The rela- 
tionships between read/write data and the input/output 
lines IOAl , IOB1, IOA2, and IOB2 are summarized in the 
following table (Table 9). 

Table 9 



Write Data 


IOAl 


IOB1 


IOA2 


IOB2 


0 


L 


H 






1 


H 


L 


L 


H 


2 


H 


L 


H 


L 



(a) 
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Table 9 



Read Data 


I0A1 


IOB1 


IOA2 


IOB2 


0 


H 


L 


H 


L 


1 


L 


H 


H 


L 


2 


L 


H 


L 


H 



(b) 

As has been described above, according to the 



10 . present invention, while an increase in circuit area 
is suppressed, three written states are set in one 
memory cell, and write times required for setting 
written states in memory cells are independently made 
optimum by write verify control, thereby obtaining 

15 an EEPROM capable of controlling the threshold voltage 
distribution of each memory cell in which data is 
finally written to fall within a small range at a high 
speed. In addition, when two, four, or more written 
states are set in one memory cell, the same effect as 

20 described above can be obtained according to the purport 
and scope of the present invention. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 

25 the specific details, and representative devices shown 
and described herein. Accordingly, various modifica- 
tions may be made without departing from the spirit or 
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scope of the general inventive concept as defined by the 
appended claims and their equivalents. 



